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PROCESS FOR THE PREPARATION OF
TRIAZOLE ANTIFUNGAL DRUG, I'TS
INTERMEDIATES AND POLYMORPHS
THEREOFK

RELATED APPLICATION

This application 1s the U.S. National Stage of International
Application No. PCT/IN2012/000618, filed Sep. 17, 2012,

which designates the U.S., published 1n English, and claims
priority under 35 U.S.C. §§119 or 365(c) to Indian Patent
Application No. 3208/CHE/2011, filed on Sep. 19, 2011,
Indian Patent Application No. 98/CHE/2012, filed on Jan. 10,
2012, Indian Patent Application No. 446/CHE/2012 filed on
Feb. 7, 2012 and Indian Patent Application No. 2154/CHE/
2012, filed on May 29, 2012. The entire teachings of the

above applications are mncorporated herein by reference.

FIELD OF THE INVENTION

The present invention relates to a process for the prepara-
tion of ((3S,5R)-5-((1H-1,2,4-triazol-1-yl)methyl)-5-(2.4-
difluorophenyl)tetrahydrofuran-3-yl)methyl-4-methyl ben-
zenesulfonate compound of formula-10 useful in the
preparation of Triazole Antifungal drug represented/by the
following structural formula-1:

The present invention also relates to an improved process 55 difluorophenyl)-5-[1,2,4]triazol-1-ylmethyl

for the preparation of compound of formula-1 through novel
intermediates.

Further, the present ivention relates to novel crystalline
forms of triazole antifungal drug and its intermediate com-

pound and process for the preparation of said crystalline and
amorphous form of compound of formula-1.

BACKGROUND OF THE INVENTION

The triazole antifungal drug 1.e., 4-[4-[4-[4-[[(3R,3R)-5-
(2,4-difluorophenyl) tetrahydro-5-(1H-1,2,4-triazol-1-ylm-
cthyl)-3-furanyl]methoxy |Jphenyl]-1-piperazinyl]phenyl]-2-
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[(1S,2S5)-1-ethyl-2-hydroxypropyl]-2,4-dihydro-3H-1,2,4-
triazol-3-one 1s commonly known as posaconazole, an
antifungal agent which 1s used against a wide range of fungal
pathogens, including both yeast and molds.

U.S. Pat. No. 5,403,937 discloses a process for the prepa-
ration of key intermediate of posaconazole, specifically ((3S,
SR)-3-((1H-1,2,4-triazol-1-yl)methyl)-5-(2,4-difluorophe-
nyl)tetrahydrofuran-3-yl)methyl-4-methylbenzenesulionate.
The process 1mvolves the usage of n-butyllithium during the
preparation ol oxazolidinone lithium salt, which 1s extremely
flammable. The process requires column chromatographic
purification at different stages to purily the itermediates
which 1s tedious and lengthy process. The above said draw-
backs make the process unviable on commercial scale.

In view of the above, there 1s an obvious need to find an
eificient and 1ndustrially advantageous process for the syn-
thesis of above said key intermediate of posaconazole which
overcomes the problems associated with the prior art such as

prolonged reaction time, low yields and tedious purifications.
U.S. Pat. No. 3,661,151 (heremafiter referred to as “1517)
discloses several substituted tetrahydrofuran antifungal com-
pounds, including posaconazole. This patent discloses sev-
eral processes for the preparation of posaconazole.
According to one process, posaconazole 1s prepared by the
condensation of toluene-4-sulfonic acid (-)-(5R-c1s)-5-(2,4-

Formula-10

Formula-1

CHj;

OH

CH;

tetrahydro-3-
tfuranmethyl ester with N-protected triazolone derivative 1n
the presence of a strong base 1n an aprotic solvent to give a

compound, which 1s then deprotected using hydrochloric acid
in methanol followed by N-alkylation with brosylated (28,
3R) alcohol 1n the presence of cestum carbonate 1n an aprotic
solvent to give hydroxy protected posaconazole, and 1s then
deprotected to give posaconazole.

The major drawback of the above said process 1s that, the
N-alkylation 1s carried out on cyclized triazolone intermedi-
ate which requires excess amount of an expensive alkylating
agent, and results 1n a mixture of N-alkylated and O-alkylated
posaconazole, necessitating laborious purification methods
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such as column chromatography which 1s a time consuming
and tedious process, especially for large quantities hence 1t 1s
not suitable for large scale production and further results in

low vields of posaconazole.

U.S. Pat. No. 5,625,064 discloses a process for the prepa-
ration of posaconazole which mvolves the condensation of
1-((2S,3R)-2-(benzyloxy)pentan-3-yl)-4-(4-(4-(4-hydrox-
yphenyl)piperazin-1-yl)phenyl)-1H-1,2,4-triazol-3(4H)-one
with (-)-(5R-c1s)-5-(2,4-difluorophenyl)-3-[1,2,4]triazol-1-
ylmethyl-tetrahydro-3-furanmethylester derivative 1 the
presence of a base to give benzyl ether of posaconazole which
1s then deprotected either with palladium on carbon 1n the
presence of formic acid or aqueous hydrobromic acid to form
posaconazole.

The above process suflers from several drawbacks such as
low yield. It was observed that condensation of unprotected
hydroxyl derivative with hydrazine derivative results in low
yield of the compound. Further, condensation of O-benzyl
protected phenyl carbamate derivative results 1n the forma-
tion of impurities which requires tedious purification pro-
cesses hence results in low yield. In addition, the deprotection
of benzyl ether of posaconazole 1n the presence of formic acid
does not go to completion of the reaction or requires more
than 30-35 hours. This may lead to degradation of final prod-
uct and may require tedious purification processes such as
chromatography purification or refluxing of the product with
aqueous sodium hydroxide solution for another 24 hours as
reported 1n the prior art. On the other hand, deprotection of
benzyl ether of posaconazole with aqueous hydrobromic acid
results 1n the degradation of compound of formula 1 and also
requires laborious purification methods to purily posacona-
zole, hence results 1n the loss of yield and purity.

In view of the above, there 1s an obvious need to find an
eificient and 1ndustrially advantageous process for the syn-
thesis of posaconazole which overcomes the problems asso-
ciated with the prior art such as prolonged reaction time, use
of hazardous reagents, stringent reaction conditions, low
yields and tedious purifications.

Three polymorphic forms of posaconazole designated as
forms I, II and III are described and characterized in WO
99/18097 (U.S. Pat. Nos. 6,713,481, 6,958,337). Crystalline
torms II and III were found to be unstable under the condi-
tions mvestigated, so that crystalline form I was considered to
be usetul in the development of a pharmaceutical product.

Amorphous form of posaconazole produced as per the
process disclosed in U.S. Pat. No. 5,661,151 by using 6N HCI
in methanol 1s not stable. As of the date, there 1s no process
available 1n the art for the preparation of stable amorphous
posaconazole.

Hence there 1s a need to develop an alternative process for
the preparation of amorphous form of posaconazole, which 1s
more stable when used 1n a pharmaceutical composition and/
or which have properties that make them suitable for bulk
preparation and handling.

In view of the foregoing, there 1s an obvious need to find an
eificient and industrially advantageous process for the syn-
thesis of posaconazole and 1ts intermediates as well as novel
polymorphic forms of said compounds, which overcomes the
problems associated with the prior art such as prolonged
reaction time, use ol hazardous reagents, stringent reaction
conditions, low yields and tedious purifications.

BRIEF DESCRIPTION OF THE INVENTION

The first aspect of the present invention 1s to provide an
improved process for the preparation of (35,5R)-5-(2,4-d1i-
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luorophenyl)-5-(1o0domethyl)tetrahydrofuran-3-carboxylic
acid compound of formula-7, comprising of the following
steps:

a) Reacting the 4-(2,4-difluorophenyl)pent-4-enoic acid
compound of formula-2 with (R)-4-phenyloxazolidin-
2-one compound of formula-3 in presence of activating
agent and a suitable base 1n a suitable solvent to provide
(R)-3-(4-(2,4-difluorophenyl)pent-4-enoyl)-4-pheny-
loxazolidin-2-one compound of formula-4,

b) hydroxy methylating the compound of formula-4 with
1,3,5-trioxane 1n the presence of a suitable base and

suitable catalyst 1n a suitable solvent to provide (R)-3-
((S)-4-(2,4-difluorophenyl)-2-(hydroxymethyl)pent-4-
enoyl)-4-phenyl oxazolidin-2-one compound of for-
mula-5,
¢) cyclizing the compound of formula-5 in-situ 1n the pres-
ence of 10dine and a suitable base 1n a suitable solvent to
provide (R)-3-((35,5R)-5-(2,4-difluorophenyl)-5-(io-
domethyl)tetrahydrofuran-3-carbonyl)-4-phenyloxazo-
l1din-2-one compound of formula-6,
d) hydrolyzing the compound of formula-6 with a suitable
base 1n the presence of a suitable catalyst 1 a suitable
solvent to provide (3S,5R)-3-(2.,4-difluorophenyl)-3-
(1odomethyl)tetrahydrofuran-3-carboxylic acid com-
pound of formula-7.

The second aspect of the present invention 1s to provide a
novel process for the preparation of (R)-3-((S)-4-(2,4-ditluo-
rophenyl)-2-(hydroxymethyl)pent-4-enoyl)-4-phenyloxazo-
lidin-2-one compound of formula-5, comprising of:

a) Reacting 4-(2,4-difluorophenyl)pent-4-enoic acid com-
pound of formula-2 with (R)-4-phenyloxazolidin-2-one
compound of formula-3 1n presence of a suitable acti-
vating agent and a suitable base 1n a suitable solvent to
provide (R)-3-(4-(2,4-difluorophenyl)pent-4-enoyl)-4-
phenyloxazolidin-2-one compound of formula-4,

b) hydroxy methylating the compound of formula-4 with
1,3,5-trioxane in the presence of a base and a suitable
catalyst 1n a suitable solvent to provide (R)-3-((5)-4-(2,
4-ditluorophenyl)-2-(hydroxymethyl)pent-4-enoyl)-4-
phenyloxazolidin-2-one compound of formula-5 as resi-
due, which 1s optionally 1solated as a solid from a
suitable solvent.

The third aspect of the present invention 1s to provide a
novel process for the preparation of ((3R,5R)-5-(2,4-difluo-
rophenyl)-3-(iodomethyl)tetrahydrofuran-3-yl)  methanol
compound of formula-8, comprising of:

a) Hydrolyzing the (R)-3-((35,5R)-5-(2,4-difluorophe-
nyl)-5-(iodomethyl)tetrahydro  furan-3-carbonyl)-4-
phenyloxazolidin-2-one compound of formula-6 with a
suitable base in the presence of suitable catalyst in a
suitable solvent to provide (35,5R)-5-(2,4-difluorophe-
nyl)-5-(iodomethyl)tetrahydrofuran-3-carboxylic acid
compound of formula-7,

b) reducing the compound of formula-7 with a suitable
reducing agent 1n a suitable solvent to provide ((3R,3R)-
5-(2.,4-difluorophenyl)-5-(iodomethyl)tetrahydro
furan-3-yl)methanol compound of formula-8.

The fourth aspect of the present invention 1s to provide an
improved process for the preparation of ((3S,5R)-5-((1H-1,
2.4-tnazol-1-yl)methyl)-5-(2,4-difluorophenyl)tetra hydro-
furan-3-yl)methyl-4-methylbenzenesulionate compound of
formula-10, comprising of the following steps:

a) Reacting the 4-(2,4-difluorophenyl)pent-4-enoic acid
compound of formula-2 with (R)-4-phenyloxazolidin-
2-one compound of formula-3 in the presence of a suit-
able activating agent and a suitable base 1n a suitable
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solvent to provide (R)-3-(4-(2,4-difluorophenyl)pent-4-
enoyl)-4-phenyloxazolidin-2-one compound of for-
mula-4,

b) hydroxy methylating the compound of formula-4 with
1,3,5-trioxane in the presence of a suitable base and a 5
suitable catalyst 1n a suitable solvent to provide (R)-3-
((S)-4-(2,4-difluorophenyl)-2-(hydroxymethyl)pent-4-
enovyl)-4-phenyl oxazolidin-2-one compound of for-
mula-5,

¢) cyclizing the compound of formula-5 1n-situ in the pres- 10
ence of 10dine and a suitable base 1n a suitable solvent to
provide (R)-3-((35,5R)-5-(2.,4-difluorophenyl)-5-(io-
domethyl)tetrahydrofuran-3-carbonyl)-4-phenyloxazo-
lidin-2-one compound of formula-6,

d) hydrolyzing the compound of formula-6 1n the presence 15
ol a suitable base and a catalyst 1n a suitable solvent to
provide (3S,5R)-5-(2,4-difluorophenyl)-5-(10dom-
cthyl)tetrahydrofuran-3-carboxylic acid compound of
formula-7,

¢) reducing the compound of formula-7 with a suitable 20
reducing agent 1n a suitable solvent to provide ((3R,5R)-
5-(2,4-difluorophenyl)-3-(iodomethyl)tetrahydro
furan-3-yl)methanol compound of formula-8,

1) reacting the compound of formula-8 with 1H-1,2,4-tr1a-
zole 1n the presence of a suitable base 1n a suitable 25
solvent to provide ((3R,5R)-5-((1H-1,2,4-tnazol-1-yl)
methyl)-5-(2.,4-difluorophenyl)tetrahydrofuran-3-yl)
methanol compound of formula-9,

g) reacting the compound of formula-9 in-situ with tosyl
chloride 1n the presence of a suitable base 1n a suitable 30
solvent to provide ((3S,5R)-3-((1H-1,2,4-triazol-1-yl)
methyl)-5-(2,4-difluorophenyl)tetrahydroturan-3-yl)
methyl 4-methyl benzene sulfonate compound of for-
mula-10.

The fifth aspect of the present invention 1s to provide novel 35
intermediates which are useful 1n the preparation of triazole
derivative compound of formula-1, comprising of the follow-
ing steps:

a) (R)-3-(4-(2,4-ditfluorophenyl)pent-4-enoyl)-4-pheny-

loxazolidin-2-one compound of formula-4, 40

b) (R)-3-((S)-4-(2,4-ditfluorophenyl)-2-(hydroxymethyl)
pent-4-enoyl)-4-phenyl oxazolidin-2-one compound of
formula-3,

¢) (R)-3-((3S,5R)-5-(2.,4-difluorophenyl)-5-(10domethyl)
tetrahydrofuran-3-carbonyl)-4-phenyloxazolidin-2-one 45
compound of formula-6,

d) (35,5R)-3-(2,4-difluorophenyl )-3-(1odomethyl )tetrahy-
drofuran-3-carboxylic acid compound of formula-7.

The sixth aspect of the present invention 1s to provide an
improved process for the preparation of (S)—N'-(2-(benzy- 50
loxy)propylidene)formohydrazide compound of formula-16,
comprising of the following steps:

a) Reacting the racemic methyl lactate compound of for-
mula-11 with benzyl chloride 1n the presence of a suit-
able base 1n a suitable solvent to provide methyl 2-(ben- 55
zyloxy )propanoate compound of formula-12,

b) hydrolyzing the compound of formula-12 1n-situ with a
suitable base 1n a suitable solvent to provide 2-(benzy-
loxy)propanoic acid compound of formula-13,

¢) resolving the compound of formula-13 1n-situ with (S)- 60
1 -phenylethanamine 1n a suitable solvent to provide (S)-
l-phenylethanamine salt of (5)-2-(benzyloxy) pro-
panoic acid compound of formula-13 a,

d) reacting the compound of formula-13a with alcoholic
solvent in presence of a suitable activating agent 1n a 65
suitable solvent to provide (S)-methyl 2-(benzyloxy)
propanoate compound of formula-14,

6

¢) reducing the compound of formula-14 with a suitable
reducing agent 1n a suitable solvent to provide (S)-2-
(benzyloxy)propanal compound of formula-13,

) reacting the compound of formula-15 1n-situ with formyl
hydrazine 1n a suitable solvent to provide (S)—N'-(2-
(benzyloxy)propylidene))formylhydrazide compound of
formula-16.

The seventh aspect of the present invention 1s to provide
(S)-1-phenylethanamine salt of (S)-2-(benzyloxy)propanoic
acid compound of formula-13a, a novel intermediate which 1s
useiul 1 the preparation of (S)—N'-(2-(benzyloxy)propy-
lidene)formylhydrazide compound of formula-16.

The eighth aspect of the present invention is to provide an
improved process for the preparation of phenyl 4-(4-(4-hy-
droxyphenyl)piperazin-1-yl)phenylcarbamate compound of
formula-19, which comprising of reacting 4-(4-(4-aminophe-
nyD)piperazin-1-yl)phenol compound of formula-18 waith
arylchloroformate in a suitable solvent.

The ninth aspect of the present invention is to provide an
improved process for the preparation of pure Triazole deriva-
tive compound of formula-1, comprising of the following
steps:

a) Reacting the (S)—N'-(2-(benzyloxy)propylidene)
formylhydrazide compound of formula-16 with ethyl
magnesium halide 1 presence of bis(trimethylsilyl)
acetamide 1n a suitable solvent to provide N'-((2S,35)-
2-(benzyloxy)pentan-3-yl)formylhydrazide compound
of formula-17,

b) reacting the compound of formula-17 in-situ with phe-
nyl 4-(4-(4-hydroxyphenyl)piperazin-1-yl)phenylcar-
bamate compound of formula-19 1n the presence of a
base 1n a suitable solvent to provide 1-((25,35)-2-(ben-
zyloxy) pentan-3-yl)-4-(4-(4-(4-hydroxyphenyl)piper-
azin-1-yl)phenyl)-1H-1,2,4-triazol-5(4H)-one ~ com-
pound of formula-20,

¢) condensing the compound of formula-20 with ((3S,5R )-
5-((1H-1,2.,4-trnazol-1-yl)methyl)-5-(2,4-difluorophe-
nyl)tetrahydrofuran-3-yl)methyl-4-methylbenzene sul-
fonate compound of formula-10 in the presence of a base
in a suitable solvent to provide 4-(4-(4-(4-(((3R,5R)-3-
((1H-1,2.,4-triazol-1-yl)methyl)-5-(2,4-ditluoro phenyl)
tetrahydrofuran-3-yl)methoxy)phenyl)piperazin-1-yl)
phenyl)-1-((2S,3S)-2-(benzyloxy )pentan-3-yl)-1H-1,2,
4-triazol-35(4H)-one compound of formula-21,

d) debenzylating the compound of formula-21 using Pd/C
in the presence of mineral acid under hydrogen pressure
in a suitable solvent to provide Trniazole dervative com-
pound of formula-1,

¢) optionally purifying the compound obtained 1n step-(d)
from a suitable solvent to provide pure compound of
formula-1.

The tenth aspect of the present invention 1s to provide an
improved process for the preparation of 4-(4-(4-(4-(((3R,
SR)-35-((1H-1,2,4-triazol-1-yl)methyl)-5-(2,4-difluoro phe-
nyl)tetrahydroturan-3-yl)methoxy)phenyl)piperazin-1-y1)
phenyl)-1-((2S,35)-2-(benzyloxy)pentan-3-v1)-1H-1,2.4-
triazol-5(4H)-one compound of formula-21, comprising of
condensing the 1-((2S,3S)-2-(benzyloxy)pentan-3-yl)-4-(4-
(4-(4-hydroxy phenyl)piperazin-1-yl)phenyl)-1H-1,2,4-tr1a-
zol-5(4H)-one compound of formula-20 with ((3S,5R)-5-
((1H-1,2,4-triazol-1-yl)methyl)-3-(2,4-difluorophenyl)
tetrahydrofuran-3-yl)methyl-4-methyl benzenesulionate
compound of formula-10 1n the presence of a suitable base 1n
a solvent to provide compound of formula-21.

The eleventh aspect of the present invention 1s to provide an
improved process for the preparation of amorphous 4-(4-(4-

(4-(((3R,5R)-5-((1H-1,2,4-triazol-1-yD)methyl)-5-(2,4-dif-



US 9,102,664 B2

7

luorophenyl)tetrahydrofuran-3-yl)methoxy )phenyl)piper-
azin-1-yDphenyl)-1-((25,35)-2-(benzyloxy )pentan-3-yl)-
1H-1,2,4-tnnazol-35(4H)-one compound of formula-21,
comprising of condensing the 1-((2S,35)-2-(benzyloxy)pen-
tan-3-yl)-4-(4-(4-(4-hydroxy = phenyl)piperazin-1-yl)phe-
nyl)-1H-1,2,4-triazol-5(4H)-one compound of formula-20
with ((35,5R)-5-((1H-1,2,4-triazol-1-yl)methyl)-3-(2,4-dii-
luorophenyl)tetrahydrofuran-3-yl)methyl-4-methyl benze-
nesulfonate compound of formula-10 in the presence of a
suitable base 1n a solvent to provide compound of formula-21,
tollowed by quenching the reaction mixture with water and
neutralizing the reaction mixture with acid to provide amor-
phous compound of formula-21.

The twellth aspect of the present invention is to provide a
novel process for the preparation of amorphous 4-[4-[4-[4-
[[(BR,5R)-5-(2,4-difluoro  phenyl)tetrahydro-5-(1H-1,2.4-
triazol-1-ylmethyl)-3 furanyl]methoxy]|phenyl]-1-piperazi-
nyl]phenyl]-2-[(15,25)-1-ethyl-2-hydroxypropyl]-2,4-
dihydro-3H-1,2.4-tnnazol-3-one compound of formula-1,
which comprising of:

a) Dissolving the compound of formula-1 1n a suitable

solvent,

b) filtering the reaction mixture,

¢) adding the filtrate to a suitable non-polar anti-solvent,

d) stirring the reaction mixture to obtain solid,

¢) filtering the solid and then drying to get amorphous form

of compound of formula-1.

The thirteenth aspect of the present invention 1s to provide
a one-pot process for the preparation of amorphous 4-[4-[4-
[4-[[(BR,5R)-5-(2.4-difluoro phenyl)tetrahydro-3-(1H-1,2,
4-triazol-1-ylmethyl)-3  furanyl]methoxy]phenyl]-1-piper-
azinyl]phenyl]-2-[(18,25)-1-ethyl-2-hydroxypropyl]-2.4-
dihydro-3H-1,2,4-triazol-3-one compound of formula-1,
which comprising of:

a) Reacting the 4-(4-(4-(4-(((3R,5R)-3-((1H-1,2,4-tr1azol-

1 -yDmethyl)-5-(2,4-difluorophenyl)tetrahydrofuran-3-
yDmethoxy)phenyl)piperazin-1-yl)phenyl)-1-((2S,3S)-
2-(benzyloxy)pentan-3-yl)-1H-1,2,4-triazol-5(4H)-one

with Pd/C under hydrogen pressure in the presence of

mineral acid 1n a suitable solvent,

b) filtering the reaction mixture and adding organic solvent
to the filtrate,

¢) cooling the reaction mixture and adjusting the pH of the
reaction mixture,

d) adding water to the reaction mixture,

¢) filtering the precipitated solid,

1) adding organic solvent to the solid, obtained 1n step-(e)
and heating the reaction mixture,

o) filtering the reaction mixture,

h) adding water to the filtrate and stirring the reaction
mixture,

1) filtering the precipitated solid,

1) optionally, purifying the obtained solid 1n step-(1),

k) adding chlorosolvent to the solid,

1) slowly adding the mixture obtained 1n step-(k) to hydro-
carbon solvent,

m) stirring the reaction mixture,

n) filtering the solid and then drying to get amorphous form
of compound of formula-1.

The fourteenth aspect of the present invention 1s to provide

a novel crystalline benzylated posaconazole compound of

formula-21, herein designated as form-M.
The fifteenth aspect of the present invention 1s to provide a

novel crystalline form of triazole antifungal compound of

tormula-1, herein designated as form-S.
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The sixteenth aspect of the present invention 1s to provide
a process for the preparation of crystalline form-S of triazole
antifungal compound of formula-1, comprising of:

a) Debenzylating the benzylated posaconazole compound
of formula-21 with Pd/C under hydrogen pressure in the
presence ol mineral acid 1n a suitable alcoholic solvent
to provide the compound of formula-1,

b) filtering the reaction mixture,

¢) adding a suitable organic solvent to the reaction mixture,

d) cooling the reaction mixture to 10 to 15° C.,

¢) adjusting pH of the reaction mixture,

1) 1solating the solid by adding purified water to the reac-
tion mixture,

g) stirring the reaction mixture,

h) filtered the solid and washing with purified water to get
the crystalline form-S of compound of formula-1.

The seventeenth aspect of the present invention 1s to pro-
vide anovel crystalline form of triazole antifungal compound
of formula-1, herein designated as form-N.

The eighteenth aspect of the present invention 1s to provide
a process for the preparation of crystalline form-N of triazole
antifungal compound of formula-1, comprising of:

a) Dissolving the compound of formula-1 1n acetone,

b) heating the reaction mixture to reflux,

¢) filtering the reaction mixture,

d) adding purified water to the filtrate,

¢) stirring the reaction mixture to obtain solid,

1) filtered the solid and washing with purified water to get
crystalline form-N of compound of formula-1.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1: Illustrates the PXRD pattern of isopropanol solvate
crystalline form of posaconazole obtained as per the
example-18.

FIG. 2: Illustrates the PXRD pattern of amorphous form of
compound of formula-21 obtained as per the example-19.

FIG. 3: Illustrates the PXRD pattern of crystalline form-M
of benzylated posaconazole compound of formula-21.

FIG. 4: Illustrates the PXRD pattern of crystalline form-S
of posaconazole compound of formula-1 obtained as per the
example-21.

FIG. 5: Illustrates the PXRD pattern of crystalline form-N
of posaconazole compound of formula-1 obtained as per the
example-22.

DETAILED DESCRIPTION OF THE INVENTION

As used herein the term “alcoholic solvent” refers to
methanol, ethanol, 1sopropyl alcohol, n-propanol, butanol
and the like; “ester solvents™ refers to ethyl acetate, methyl
acetate, n-butyl acetate, 1sobutyl acetate, sec-butyl acetate,
1sopropyl acetate and the like, “ether solvents™ like tetrahy-
drofuran, diethylether, methyltert-butylether, dioxane and the
like; the term “hydrocarbon solvents™” refers to toluene,
xylene, cyclohexane, hexane, heptane, n-pentane and the like;
the term “chloro solvents™ refers to methylene chloride, eth-
ylene dichloride, carbon tetra chloride, chloroform and the
like; “polar aprotic solvents™ refers to dimethylformamide,
dimethylacetamide, dimethylsulfoxide and the like; the term
“nitrile solvents™ refers to acetonitrile and the like; “ketone
solvents™ refers to acetone, methyl 1sobutyl ketone and the
like.

As used herein the present mvention, the term “anti-sol-
vent” refers to a solvent which 1s used to precipitate the solid
from a solution and the suitable anti-solvent used herein the
present invention 1s hydrocarbon solvent.
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As used herein the term “base” 1s selected from inorganic
bases like alkali metal hydroxides such as lithtum hydroxide,
sodium hydroxide, potassium hydroxide; alkali metal alkox-
ides such as sodium tert-butoxide, potassium tert-butoxide;
alkali metal carbonates like sodium carbonate, potassium
carbonate; alkali metal bicarbonates like sodium bicarbonate
and potasstum bicarbonate and organic bases like triethy-
lamine, 1sopropyl ethylamine, diisopropyl amine, diisopro-
pylethylamine, piperidine, pyridine, tributyl amine, 4-dim-
cthylaminopyridine, N-methyl morpholine and the like.

As used herein the term “base” 1s selected from aqueous
inorganic bases like alkali metal hydroxides, alkali metal
alkoxides, alkali metal carbonates, alkali metal bicarbonates.

As used herein the term suitable “mineral acid” 1s selected
from hydrochloric acid, hydrobromic acid, hydroiodic acid

and sulfuric acid.
As used herein the term “activating agent” refers to thionyl

chlornide, oxalyl chloride, pivaloyl chloride, carbonylditriaz-
ole, oxalylditriazole, POCl;, PCl;, PCl; and SOCIL,.

As used herein the term “reducing agents” refers to
DIBAL-H, lithumaluminiumhydride, sodiumborohydride,
lithtumborohydride, NaBH,CN, sodiumborohydride/BF,-
ctherate, vitride, sodium borohydride/aluminium chloride or
borane/aluminium chloride, sodiumborohydride/iodine and
9-BBN.

As used herein, the term “alkyl” or *“‘alkoxy” refers to
straight chain or branched hydrocarbon groups, generally
having specified number of carbon atoms. A “C,_ alkyl”
refers to alkyl group having 1 to 6 carbon atoms. Examples of
alkyl groups include, without limitation, methyl, ethyl, n-pro-
pyl, 1so-propyl, n-butyl, sec-butyl, 1so-butyl, t-butyl and the
like. A “C,_, alkoxy” refers to alkyl group having 1 to 6
carbon atoms attached to oxygen. Examples of alkoxy groups
include, without limitation, methoxy, ethoxy, n-propyloxy,
1so-propyloxy, n-butyloxy, sec-butyloxy, 1so-butyloxy, t-bu-
tyloxy and the like.

The first aspect of the present invention 1s to provide a
novel process for the preparation of (35,5R)-5-(2,4-ditluo-
rophenyl)-5-(1odomethyl)tetrahydrofuran-3-carboxylic acid
compound of formula-7, comprising of the following steps:

a) Reacting 4-(2.,4-difluorophenyl)pent-4-enoic acid com-

pound of formula-2

Formula-2
N X O

N -

with (R)-4-phenyloxazolidin-2-one compound of for-
mula-3

Formula-3

Ph

.
O \<O

in the presence of a suitable activating agent and suitable
base 1n a suitable solvent to provide (R)-3-(4-(2,4-
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difluorophenyl)pent-4-enoyl)-4-phenyl oxazolidin-
2-one compound of formula-4,
Formula-4
b b
O O
N)J\O
Ph

b) hydroxy methylating the compound of formula-4 with

1,3,5-trioxane 1n the presence of a base and a suitable
catalyst 1n a suitable solvent to provide (R)-3-((S)-4-(2,

4-difluorophenyl)-2-(hydroxymethyl)pent-4-enoyl )-4-
phenyloxazolidin-2-one compound of formula-5,

Formula-5

¢) cyclizing the compound of formula-5 in-situ 1n the pres-

ence of 10dine and a suitable base 1n a suitable solvent to
provide (R)-3-((3S5,5R)-5-(2,4-difluoro phenyl)-5-(10-
domethyltetrahydrofuran-3-carbonyl)-4-phenyloxazo-
l1din-2-one compound of formula-6,

Formula-6
O
F\ F \:.4'\ N
()
(&)
(R) Ph

'l::
-
$
I

d) hydrolyzing the compound of formula-6 with a suitable

base in the presence of a suitable catalyst 1n a suitable
solvent to provide (3S,5R)-3-(2,4-difluorophenyl)-3-
(1odomethyl)tetrahydrofuran-3-carboxylic acid com-
pound of formula-7.

Formula-7

Wherein:
in step-a) suitable activating agent 1s selected from thionyl

chloride, oxalyl chloride, pivaloyl chloride, carbon-
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ylditriazole, oxalylditriazole, POCl;, PCl,, PCl; and
SO,Cl,; the suitable base 1s selected from organic base
such as triethylamine, tributyl amine, pyridine, 4-dim-
cthylaminopyridine, N-methyl morpholine and diiso-
propylethyl amine; and the suitable solvent 1s selected
from chloro solvents, polar aprotic solvents, alcoholic
solvents and mixture thereof.

in step-b) the suitable base 1s selected from organic bases
such as triethylamine, tributyl amine, pyridine, 4-dim-
cthylaminopyridine, N-methyl morpholine and diiso-
propylethyl amine; and the suitable solvent 1s selected
from chloro solvents, ketone solvents, ester solvents and
mixture thereot and the suitable catalyst 1s TiCl4.

in step-c) the suitable base 1s selected from morganic bases
such as alkali metal hydroxides, alkali metal alkoxides,
alkali metal carbonates and alkali metal bicarbonates;
and the suitable solvent 1s selected from chloro solvents,
ether solvents, alcoholic solvents and mixture thereof.

in step-d) the suitable catalyst 1s preferably hydrogen per-
oxide and the suitable base 1s selected from 1norganic
bases such as alkali metal hydroxides, alkali metal
alkoxides, alkali metal carbonates, alkali metal bicar-
bonates and the suitable solvent 1s selected from ether
solvents, ketone solvents and hydrocarbon solvents.

In a preferred embodiment of the present invention 1s to
provide a novel process for the preparation of (35,5R)-5-(2,
4-difluorophenyl)-3-(iodomethyl)tetrahydrofuran-3-car-
boxylic acid compound of formula-7, comprising of the fol-
low1ing steps:

a) Reacting the 4-(2,4-difluorophenyl)pent-4-enoic acid
compound of formula-2 with (R)-4-phenyloxazolidin-
2-one compound of formula-3 1n the presence of piv-
aloyl chlonde, 4-dimethylaminopyridine and triethy-
lamine m a mixture of dimethylformamide and
dichloromethane to provide (R)-3-(4-(2,4-difluoro phe-
nyl)pent-4-enoyl)-4-phenyloxazolidin-2-one com-
pound of formula-4,

b) hydroxy methylating the compound of formula-4 using
1,3,5-trioxane 1n the presence of titanium tetrachloride
and duisopropylethylamine in dichloromethane provides
(R)-3-((8)-4-(2,4-difluorophenyl)-2-(hydroxymethyl)
pent-4-enoyl)-4-phenyloxazolidin-2-one compound of
formula-3,

¢) cyclizing the compound of formula-5 in-situ 1n the pres-
ence of 1odine and sodium carbonate 1n a mixture of
tetrahydrofuran, methyl tertiarybutyl ether and 1sopro-
panol to provide (R)-3-((3S,5R)-3-(2,4-difluorophe-
nyl)-5-(iodomethyl)  tetrahydrofuran-3-carbonyl)-4-
phenyloxazolidin-2-one compound of formula-6,

d) hydrolyzing the compound of formula-6 with NaOH in
the presence of hydrogen peroxide in tetrahydrofuran
and cyclohexane to provide (3S,5R)-3-(2,4-difluoro
phenyl)-5-(iodomethyl)tetrahydroturan-3-carboxylic
acid compound of formula-7.

The mole ratio of hydrogen peroxide used 1n step-d) of the
above aspect 1s 1n between 1.0—2.0, preferably between
1.0—1.5, most preferably between 1.0—1.25 with respect to
the compound of formula-6.

U.S. Pat. No. 5,403,937/ disclosed the usage of base like
pyridine 1n step-a) and step-c) of the above aspect. As pyri-
dine 1s carcinogenic in nature hence 1s not advisable for the
commercial scale-up process. Whereas, the present process
uses bases like 4-dimethylamino pyridine in step a) and
sodium carbonate 1n step-c) respectively which are safer and
casy to handle 1n the laboratory as well as 1n the commercial
scale-up process. Hence the present process 1s advantageous
over the prior art process.

5

10

15

20

25

30

35

40

45

50

55

60

65

12

The second aspect of the present invention 1s to provide a
novel process for the preparation of (R)-3-((S)-4-(2,4-ditluo-
rophenyl)-2-(hydroxymethyl)pent-4-enoyl )-4-phenyloxazo-
lidin-2-one compound of formula-5, comprising of:

a) Reacting 4-(2,4-difluorophenyl)pent-4-enoic acid com-
pound of formula-2 with (R)-4-phenyloxazolidin-2-one
compound of formula-3 1n the presence of a suitable
activating agent and suitable base 1n a suitable solvent to
provide (R)-3-(4-(2,4-difluorophenyl)pent-4-enoyl)-4-
phenyloxazolidin-2-one compound of formula-4,

b) hydroxy methylating the compound of formula-4 with
1,3,5-trioxane 1n the presence of a base and a suitable
catalyst 1n a suitable solvent to provide (R)-3-((S)-4-(2,
4-ditluorophenyl)-2-(hydroxymethyl)pent-4-enoyl)-4-
phenyloxazolidin-2-one compound of formula-5 as resi-
due, which 1s optionally 1solated as solid from a suitable
solvent.
wherein, the suitable solvent used for the 1solation of

compound of formula-5 1n step-(b) 1s alcohol solvent,
preferably 1sopropyl alcohol.

In a preferred embodiment of the present invention 1s to
provide a novel process for the preparation of (R)-3-((S)-4-
(2,4-difluorophenyl)-2-(hydroxymethyl)pent-4-enoyl)-4-
phenyloxazolidin-2-one compound of formula-5, comprising
of:

a) Reacting the 4-(2,4-difluorophenyl)pent-4-enoic acid
compound of formula-2 with (R)-4-phenyloxazolidin-
2-one compound of formula-3 1n the presence of pi1v-
aloyl chloride, 4-dimethylaminopyridine and triethy-
lamine 1n dimethyl formamide and dichloromethane to
provide (R)-3-(4-(2,4-difluoro phenyl)pent-4-enoyl)-4-
phenyloxazolidin-2-one compound of formula-4,

b) hydroxy methylating the compound of formula-4 using
1,3,5-trioxane 1n the presence of titanium tetrachloride
and dusopropylethylamine in dichloromethane provides
(R)-3-((S)-4-(2,4-difluorophenyl)-2-(hydroxymethyl)
pent-4-enoyl)-4-phenyloxazolidin-2-one compound of
formula-5 as residue, which 1s 1solated as a solid from
1sopropyl alcohol.

The third aspect of the present invention 1s to provide a
process for the preparation of ((3R,5R)-5-(2.4-ditfluorophe-
nyl)-5-(iodomethyl)tetrahydrofuran-3-yl) methanol com-
pound of formula-8, comprising of:

a) Hydrolyzing the (R)-3-((3S,5R)-5-(2.4-difluorophe-
nyl)-5-(iodomethyl)tetrahydro  furan-3-carbonyl)-4-
phenyloxazolidin-2-one compound of formula-6 with a
suitable base in the presence of a catalyst 1n a suitable
solvent to provide (3S,5R)-3-(2,4-difluorophenyl)-3-
(1odomethyl)tetrahydrofuran-3-carboxylic acid com-
pound of formula-7,

b) reducing the compound of formula-7 with a suitable
reducing agent 1n a suitable solvent to provide ((3R,5R)-
5-(2,4-difluorophenyl)-5-(iodomethyl)tetrahydro
furan-3-yl)methanol compound of formula-8.

wherein;

in step-a) the suitable catalyst 1s preferably hydrogen per-
oxide and the suitable base 1s selected from inorganic
bases such as alkali metal hydroxides, alkali metal
alkoxides, alkali metal carbonates, alkali metal bicar-
bonates and the suitable solvent 1s selected from ether
solvents, ketone solvents, hydrocarbon solvents and
polar solvents or mixtures thereof.

in step-b) the suitable reducing agent i1s selected from

DIBAL-H, lIithium alumintumhydride, sodiumborohy-
dride, lithiumborohydride, NaBH,CN, sodiumborohy-
dride/BF ;-etherate, vitride, sodium borohydride/alu-
minium chloride or borane/aluminiumchloride,
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sodiumborohydride/iodine and 9-BBN and the suitable
solvent 1s selected from ether solvent, ester solvents,
hydrocarbon solvents and ketone solvents.

In a preferred embodiment of the present invention 1s to
provide an improved process for the preparation of ((3R,5R)-
5-(2,4-difluorophenyl)-3-(iodomethyl tetrahydro furan-3-yl)
methanol compound of formula-8, which comprising of the
tollowing steps:

a) Hydrolyzing the compound of formula-6 with sodium
hydroxide 1n the presence of hydrogen peroxide in tet-
rahydrofuran to provide (35,5R)-5-(2,4-difluoro phe-
nyl)-5-(iodomethyl)tetrahydrofuran-3-carboxylic acid
compound of formula-7,

b) reducing the compound of formula-7 with sodiumboro-
hydride 1n the presence of BF ;-etherate 1n tetrahydrotu-
ran to provide ((3R,5R)-5-(2.4-difluorophenyl)-5-(10-
domethyl)tetrahydrofuran-3-yl)methanol compound of

formula-S8.
U.S. Pat. No. 5,403,937 describes the reduction of com-

pound of formula-6 using lithium chloride/sodiumborohy-
dride to provide the compound of formula-8 with lower
purity. The obtained compound contains impurities and
4-benzyloxazolidin-2one as a bi-product, which requires
tedious purification process to get the pure compound.

In the process of the present mvention, compound of for-
mula-6 1s hydrolyzed in the presence of suitable base and a
catalyst to provide (35,5R)-5-(2,4-difluorophenyl)-5-(10-
domethyl)tetrahydrofuran-3-carboxylic acid compound of
formula-7 with enhanced percentage of yield and purity. Fur-
ther the compound of formula-7 1s reduced 1n the presence of
sodiumborohydride/BF3-etherate to provide compound of
formula-8 without the formation of 4-phenyloxazolidin-2-
one as a bi-product, which results 1n the increase 1n the yield
and purity of compound of formula-8. Hence the process of
the present invention 1s more advantageous over the prior art
process.

The fourth aspect of the present invention 1s to provide a
novel process for the preparation of ((3S,5R)-5-((1H-1,2.4-
triazol-1-yl)methyl)-3-(2,4-difluorophenyl)tetra hydrofuran-
3-yDmethyl 4-methylbenzenesulionate compound of for-
mula-10, which comprising the following steps:

a) Reacting the 4-(2,4-difluorophenyl)pent-4-enoic acid
compound of formula-2 with (R)-4-phenyloxazolidin-
2-one compound of formula-3 in the presence of suitable
activating agent and a suitable base 1n a suitable solvent
to provide (R)-3-(4-(2,4-difluorophenyl)pent-4-enoyl)-
4-phenyloxazolidin-2-one compound of formula-4,

b) hydroxy methylating the compound of formula-4 with
1,3,5-trioxane 1n the presence a base and a suitable cata-
lyst 1n a suitable solvent to provide (R)-3-((5)-4-(2,4-
difluorophenyl)-2-(hydroxymethyl))pent-4-enoyl)-4-
phenyloxazolidin-2-one compound of formula-5,

¢) cyclizing the compound of formula-5 in-situ 1n the pres-
ence of 10dine and a suitable base 1n a suitable solvent to
provide (R)-3-((35,5R)-5-(2.4-difluorophenyl)-5-(10-
domethyl)tetrahydrofuran-3-carbonyl)-4-phenyloxazo-

lidin-2-one compound of formula-6,

d) hydrolyzing the compound of formula-6 with a suitable

base in the presence of a suitable catalyst 1n a suitable
solvent to provide (3S,5R)-5-(2,4-difluorophenyl)-3-
(1odomethyl)tetrahydrofuran-3-carboxylic acid com-
pound of formula-7,
¢) reducing the compound of formula-7 with a suitable
reducing agent 1n a suitable solvent to provide ((3R,5R)-
5-(2,4-difluorophenyl)-5-(iodomethyl)tetrahydro
furan-3-yl)methanol compound of formula-8,

1) reacting the compound of formula-8 with 1H-1,2,4-tr1a-

zole (Iree base) 1n the presence of a suitable base 1n a

suitable solvent to provide ((3R,5R)-5-((1H-1,2,4-tr1a-
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zol-1-vl)methyl)-5-(2,4-difluorophenyl)tetrahydrotu-
ran-3-yl)methanol compound of formula-9,

g) reacting the compound of formula-9 in-si1tu with p-tolu-
enesultonyl chloride 1n the presence of a suitable base 1n
a suitable solvent to provide ((3S,3R)-5-((1H-1,2,4-tr1a-
7ol-1-yl)methyl)-5-(2,4-difluorophenyl)tetrahydrofu-
ran-3-yl)methyl 4-methyl benzene sulfonate compound

of formula-10.
Wherein;

The reagents, catalysts, solvents and bases used 1n step-(a)
to step-(d) of the present aspect 1s same as defined 1n first
aspect of the present invention;
in step-¢) the sutable reducing agent i1s selected from

DIBAL-H, lithium aluminium hydride, sodiumborohy-

dride, lithiumborohydride, NaBH,CN, sodium boro

hydride/BF ;-etherate, vitride, sodium borohydride/alu-
minium chloride or borane/aluminiumchloride, sodiumbo-
rohydride/iodine and 9-BBN; and the suitable solvent i1s
selected from ether solvent, ester solvents, hydrocarbon
solvents and ketone solvents.

in step-1) the suitable base is selected from 1norganic base or
organic base as defined above and the suitable solvent 1s
selected from polar aprotic solvents, chloro solvents, alco-
holic solvents and hydrocarbon solvents or mixture
thereol.

in step-g) the suitable base 1s selected from organic base as
defined above and the suitable solvent is selected from
chloro solvents, alcoholic solvents and hydrocarbon sol-
vents

In a preferred embodiment of the present invention 1s to
provide a novel process for the preparation of ((3S,5R)-5-
((1H-1,2,4-triazol-1-yl)methyl)-3-(2,4-difluorophenyl) tet-
rahydrofuran-3-yl)methyl 4-methylbenzene sulfonate com-
pound of formula-10, comprising of the following steps:

a) Reacting the 4-(2,4-difluorophenyl)pent-4-enoic acid
compound of formula-2 with (R)-4-phenyloxazolidin-
2-one compound of formula-3 1n the presence of piv-
aloyl chloride, DMAP and TEA (triethylamine) 1n a
mixture of dimethylformamide and dichloromethane to
provide (R)-3-(4-(2,4-difluorophenyl)pent-4-enoyl)-4-
phenyloxazolidin-2-one compound of formula-4,

b) hydroxy methylating the compound of formula-4 using
1,3,5-trioxane 1n the presence of titanium tetrachloride
and dusopropylethylamine in dichloromethane provides
(R)-3-((S)-4-(2,4-difluorophenyl)-2-(hydroxymethyl)
pent-4-enoyl)-4-phenyloxazolidin-2-one compound of
formula-3,

¢) cyclizing the compound of formula-35 1n-situ in the pres-
ence of 10dine and sodium carbonate 1n dichloromethane
to provide (R)-3-((35,5R)-5-(2.,4-difluorophenyl)-5-
(1odomethyl)tetrahydrofuran-3-carbonyl )-4-phenylox-
azolidin-2-one compound of formula-6,

d) hydrolyzing the compound of formula-6 with NaOH 1n
the presence of hydrogen peroxide in tetrahydrofuran
and cyclohexane to provide (3S,5R)-5-(2,4-ditluo-
rophenyl)-3-(1iodomethyl)tetrahydrofuran-3-carboxylic
acid compound of formula-7,

¢) reducing the compound of formula-7 with sodiumboro-
hydride 1n the presence of BF ;-etherate 1n tetrahydrofu-
ran to provide ((3R,5R)-5-(2.4-difluorophenyl)-5-(10-
domethyltetrahydrofuran-3-yl)methanol compound of
formula-8,

1) reacting the compound of formula-8 with 1H-1,2,4-tr1a-
zole (Ireebase) 1n the presence of sodium tertiarybutox-
ide and dimethylaminopyridine 1n dimethylformamide
and dichloromethane to provide ((3R,5R)-5-((1H-1,2,4-
triazol-1-yl)methyl)-5-(2,4-difluorophenyl)tetrahydro-
furan-3-yl)methanol compound of formula-9,

g) reacting the compound of formula-9 1n-situ with p-tolu-

enesulfonyl chloride n-situ in the presence of 4-dim-
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cthylamino pyridine i1n dichloromethane to provide
((35,5R)-5-((1H-1,2,4-triazol-1-yl)methyl)-5-(2,4-dii-
luorophenyl)tetrahydrofuran-3-yl)methyl-4-methyl
benzenesulionate compound of formula-10.

U.S. Pat. No. 5,403,937 disclosed the process for the prepa-
ration of compound of formula-9, which involves reacting the
compound of formula-8 with sodium triazole and DMPU to
provide compound of formula-9. As sodium triazole 1s
unstable and 1s prepared at the time of the reaction. And the
usage of DMPU reagent 1n the reaction takes longer time for
the completion of the reaction and thereby the compound of
formula-9 1s formed with low yield with DMPU as impurity,
hence 1t requires tedious purification process to get the pure
compound of formula-9.

The present invention 1s carried out by reacting the com-
pound of formula-8 with triazole (free base), 1n the presence
of base like 4-dimethylaminopyridine, due to which the reac-
tion completes 1n short period of time and the product formed
with enhanced vield as well as purity. Hence the present
process has improvement over the prior art process.

U.S. Pat. No. 5,403,937 also disclosed the usage of base
like pyridine in step-g) which 1s not advisable to be use 1n the
laboratory process and especially at commercial scale-up
process, as 1t 1s carcinogenic in nature.

The process of the present invention involves the usage of
base like 4-dimethylaminopyridine, which 1s safer and easy to
use 1n the laboratory as well as 1n the commercial scale-up
process.

The fifth aspect of the present invention 1s to provide novel
intermediate compounds which are useful 1n the preparation
of anti-fungal drug of compound of formula-1. The said novel
intermediates mnclude:

a) (R)-3-(4-(2,4-difluorophenyl)pent-4-enoyl)-4-pheny-

loxazolidin-2-one compound of formula-4;

b) (R)-3-((S)-4-(2,4-ditfluorophenyl)-2-(hydroxymethyl)
pent-4-enoyl)-4-phenyl oxazolidin-2-one compound of
formula-5;

c) (R)-3-((35,3R)-5-(2,4-difluorophenyl)-5-(iodomethyl)
tetrahydrofuran-3-carbonyl)-4-phenyl  oxazolidin-2-
one compound of formula-6;

d) (35,5R)-5-(2,4-difluorophenyl )-3-(iodomethyl )tetrahy-
drofuran-3-carboxylic acid compound of formula-7.

The sixth aspect of the present invention 1s to provide an
improved process for the preparation of (S)—N'-(2-(benzy-
loxy)propylidene)formylhydrazide compound of formula-
16,

Formula-16

NNHCHO

H»C
OBn

comprising of the following steps:

a) Reacting the racemic methyl lactate compound of for-
mula-11

Formula -11

CH;

OH
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with benzyl chloride in the presence of a suitable base 1n
a suitable solvent to provide methyl 2-(benzyloxy)
propanoate compound of formula-12,

Formula -12
H;C
OCHj;

OBn

b) hydrolyzing the compound of formula-12 in-situ with
aqueous base 1n a suitable solvent to provide 2-(benzy-
loxy)propanoic acid compound of formula-13,

Formula -13

OH

OBn

¢) resolving the compound of formula-13 1n-situ with (S)-
1-phenylethanamine 1n a suitable solvent to provide (S)-
l-phenylethanamine salt of (S)-2-(benzyloxy) pro-
panoic acid compound of formula-13a,

Formula-13a
O H;C WINH

\ ““-

H;C
OH

=

OBn

AN

d) reacting the compound of formula-13a with a alcoholic
solvent 1n presence of a suitable activating agent 1n a
suitable solvent to provide (S)-methyl 2-(benzyloxy)
propanoate compound of formula-14,

Formula-14

H;C
OCHj;

OBn

¢) reducing the compound of formula-14 with a suitable
reducing agent in a suitable solvent to provide (S)-2-
(benzyloxy)propanal compound of formula-13,

Formula-15
H;C
OBn

) reacting the compound of formula-135 in-si1tu with formyl
hydrazine 1n a suitable solvent to provide (S)—N'-(2-
(benzyloxy)propylidene))formohydrazide compound of
formula-16.
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Wherein;
in step-a) the suitable base 1s inorganic base and suitable
polar aprotic solvent 1s selected from dimethyliorma-
mide, dimethylacetamide and dimethylsulfoxide.
in step-b) the base 1s selected from aqueous morganic base
and the suitable solvent 1s selected from hydrocarbon
solvents or chloro solvents.

in step-c) the suitable solvent 1s selected from hydrocarbon

solvents.

in step-d) the suitable activating agent 1s thionyl chloride

and the suitable solvent 1s selected from alcoholic sol-
vents and polar aprotic solvents.

in step-¢) the suitable reducing agent 1s DIBAL-H and the

suitable solvent 1s hydrocarbon solvent.

in step-1) the suitable solvent 1s selected from alcoholic

solvents.

In a preferred embodiment of the present invention 1s to
provide an improved process for the preparation of (S)—IN'-
(2-(benzyloxy)propylidene)formylhydrazide compound of
formula-16, comprising of:

a) Reacting the racemic methyl lactate compound of for-

mula-11 with benzyl chloride 1n the presence of sodi-
umtertiarybutoxide mm dimethylformamide to provide

methyl 2-(benzyloxy)propanoate compound of for-
mula-12,

b) hydrolyzing the compound of formula-12 in-situ with
aqueous sodium hydroxide 1n toluene to provide 2-(ben-
zyloxy)propanoic acid compound of formula-13,

¢) resolving the compound of formula-13 1n-situ with (S)-
phenyl ethylamine 1n toluene to provide (S)-1-phenyle-
thanamine salt of (S)-2-(benzyloxy)propanoic acid
compound of formula-13a,

d) reacting the compound of formula-13a with methanol in
presence of thionyl chlornide 1n dimethyliformamide to
provide (S)-methyl 2-(benzyloxy)propanoate com-
pound of formula-14,

¢) reducing the compound of formula-14 with DIBAL-H in
toluene to provide (S)-2-(benzyloxy)propanal com-
pound of formula-13,

1) reacting the compound of formula-13 1n-s1tu with formyl
hydrazine in methanol to provide (S)—N'-(2-(benzy-
loxy)propylidene)formohydrazide compound of {for-
mula-16.

In the above aspect the racemic 2-(benzyloxy )propanoic

acid compound of formula-13 can be resolved using the com-
pound of general formula-22

Formula-22

H3C\““‘\N} 2
= w
R
™

Formula-23

H;C

OBn
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wherein, R 1s selected from CN, hydroxy, F, Cl, Br, I, C,-C,
alkyl, C,-C, alkoxy; R'1s selected from H, C,-C, alkyl;

The seventh aspect of the present invention 1s to provide
(S)-1-phenylethanamine salt of (S)-2-(benzyloxy) propanoic
acid compound of formula-13a, a novel intermediate com-
pound which 1s usetul in the preparation of (S)—N'-(2-(ben-
zyloxy)propylidene) formylhydrazide compound of formula-
16.

The eighth aspect of the present invention 1s to provide an
improved process for the preparation of phenyl 4-(4-(4-hy-
droxyphenyl)piperazin-1-yl)phenylcarbamate compound of
formula-19, which comprises of reacting 4-(4-(4-aminophe-
nyl)piperazin-1-vl)phenol compound of formula-18 with
arylchloroformate 1n a suitable solvent to provide phenyl
4-(4-(4-hydroxyphenyl)piperazin-1-yl)phenylcarbamate
compound of formula-19.

Wherein, the suitable arylchloroformate 1s phenylchloro-
formate and suitable solvent 1s polar aprotic solvent selected
from dimethylformamide, dimethylacetamide and dimethyl-
sulfoxide, preferably dimethylformamide.

U.S. Pat. No. 3,625,064 describes the process for the prepa-
ration of phenyl 4-(4-(4-hydroxyphenyl)piperazin-1-yl)phe-
nylcarbamate compound of formula-19 1n the presence of a
base like pyridine, which 1s not advisable to use 1n the labo-
ratory and especially at commercial scale-up process, as it 1s
carcinogenic 1n nature. Whereas, the present invention
describes the preparation of compound of formula-19 in the
absence of base. Hence the present invention has improve-
ment over the prior art.

The ninth aspect of the present invention is to provide an
improved process for the preparation of pure Triazole deriva-
tive compound of formula-1, comprising of the following
steps:

a) Reacting the (S)—N'-(2-(benzyloxy )propylidene)for-
mohydrazide compound of formula-16 with ethyl mag-
nesium halide 1n the presence of bis(trimethylsilyl)ac-
ctamide 1n a suitable solvent to provide N'-((2S,3S5)-2-
(benzyloxy)pentan-3-yl)formohydrazide compound of
formula-17,

b) reacting the compound of formula-17 1n-situ with phe-
nyl 4-(4-(4-hydroxyphenyl)piperazin-1-yl)phenylcar-
bamate compound of formula-19 1n the presence of suit-
able base 1n a suitable solvent to provide 1-((25,35)-2-
(benzyloxy)pentan-3-yl)-4-(4-(4-(4-hydroxyphenyl)
piperazin-1-yl)phenyl)-1H-1,2,4-triazol-5(4H)-one
compound of formula-20,

¢) condensing the compound of formula-20 with ((3S,5R )-
5-((1H-1,2.,4-triazol-1-yl)methyl)-5-(2,4-difluorophe-
nyl)tetrahydrofuran-3-yl)methyl-4-methyl  benzene-
sulfonate compound of formula-10,

Formula-10

in the presence of base 1n a suitable polar aprotic solvent
to provide 4-(4-(4-(4-(((3R,5R)-5-((1H-1,2,4-triazol-
1-yDmethyl)-5-(2,4-difluorophenyl)tetrahydro
turan-3-yl)methoxy)phenyl)piperazin-1-yl)phenyl)-
1-((2S,35)-2-(benzyloxy)  pentan-3-yl)-1H-1,2.,4-
triazol-5(4H)-one compound of formula-21,
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d) debenzylating the compound of formula-21 with Pd/C
under hydrogen pressure 1n the presence of mineral acid
in a suitable alcoholic solvent to provide Triazole deriva-
tive compound of formula-1,

¢) optionally, purifying the compound obtained 1n step-(d)

from a suitable solvent to provide pure compound of
formula-1.

Wherein,

in step-a) the suitable solvent is ether solvent is selected 1

from methyl tertiary butyl ether, tetrahydrofuran, diethyl
cther, methyl tert-butyl ether, dioxane, preferably
methyl tert-butyl ether.

20

was reacted with compound of formula-10 provides the
deshydroxy posaconazole as an impurity in the final product.
Whereas, 1n the present invention the desbenzyloxy phenol
impurity 1s arrested at the origin itself thereby produces the

pure posaconazole with 99.85% purity and controls the

deshydroxy posaconazole impurity-B in the final product to

the acceptable levels.

The desbenzyloxy phenol and deshydroxy posaconazole
impurities are represented by the following structural formu-

las:

{m@m

Desbenzyloxy phenol ("Impurity-A")

Deshydroxy posaconazole ("'Impurity-B")

in step-b) the suitable base 1s selected from organic base
and the suitable solvent 1s selected from ether solvents,
hydrocarbon solvents and ketone solvents, preferably
dioxane.

in step-c) the suitable base 1s selected from inorganic base

and the suitable solvent 1s selected from polar aprotic
solvents, ester solvents or mixture thereof.

in step-d) the suitable mineral acid 1s selected from

hydroiodic acid, sulturic acid and hydrochloric acid and
a suitable alcoholic solvent i1s selected from methanol,
cthanol, 1sopropanol and butanol.

in step-¢) the suitable solvent 1s selected from alcoholic

solvent.

The present process involves 1n-situ reaction of the formyl-
hydrazine derivative of formula-17 with phenylcarbamate
compound of formula-19, which provides compound of for-
mula-20 with enhanced purity as well as yield. Hence the
present invention 1s more advantageous over the prior art

Proccssos.

Further, the purification of compound of fomula-20 using
methanol enhanced the purity from 97.67% to 99.15% and

also reduces the content of desbenzyloxy phenol (herein des-
ignated as “impurity-A”) from 0.37% to 0.09%. In the prior
art processes the desbenzyloxy phenol impurity was formed
due to chemical degradation and further the formed impurity
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U.S. Pat. No. 5,625,064 disclosed a process for the depro-
tection of benzyl ether of posaconazole 1n the presence of
formic acid requires 30-335 hours of time period for comple-
tion of the reaction. This may lead to degradation of final
product and may require tedious purification processes such
as chromatography purification. Whereas, the present mven-
tion avoids the usage of formic acid for the deprotection of
compound of formula-21 and uses Pd/C and methanol for
deprotection. The present invention also involves the conden-
sation of compound of formula-20 with highly pure com-
pound of formula-10 resulting the compound of formula-21
with high purity and yield, which inturn enhances the posa-
conazole compound of fomula-1 with 99.8% purity. Hence-
forth, the process of the present invention 1s more advanta-
geous over the prior known processes.

The tenth aspect of the present invention 1s to provide an
improved process for the preparation of 4-(4-(4-(4-(((3R,
SR)-3-((1H-1,2.,4-triazol-1-yl)methyl)-5-(2,4-difluoro phe-
nyltetrahydrofuran-3-yl)methoxy)phenyl)piperazin-1-yl)
phenyl)-1-((25,35)-2-(benzyloxy)pentan-3-yl)-1H-1,2.4-
triazol-5(4H)-one compound of formula-21, which
comprises of condensing 1-((25,35)-2-(benzyloxy)pentan-3-
y1)-4-(4-(4-(4-hydroxy phenyl)piperazin-1-yl)phenyl)-1H-1,
2.4-tnazol-35(4H)-one compound of formula-20 with ((35,
SR)-3-((1H-1,2.,4-triazol-1-yl)methyl)-5-(2,4-
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difluorophenyl)tetrahydrofuran-3-ylymethyl-4-methyl

benzenesulionate compound of formula-10 1n the presence of

a suitable base preferably sodium hydroxide in a suitable
solvent preferably dimethyl sulfoxide to provide compound
of formula-21.

The prior reported processes for the preparation of com-
pound of formula-21, involves the usage of sodium hydride
(NaH) 1n the coupling reaction, which 1s pyrophoric in nature,
difficult to handle and not suitable for commercial purposes.
Whereas, the process of the present invention involves the
usage of sodium hydroxide base and dimethyl sulfoxide sol-
vent, which are simple, easily available and suitable for com-
mercial scale process.

The eleventh aspect of the present invention 1s to provide an
improved process for the preparation of amorphous 4-(4-(4-
(4-(((BR,5R)-5-((1H-1,2,4-triazol-1-yl)methyl)-5-(2,4-dii-
luorophenyl)tetrahydrofuran-3-yl)methoxy)phenyl)piper-
azin-1-yDphenyl)-1-((25,35)-2-(benzyloxy )pentan-3-yl)-
1H-1,2,4-trnazol-35(4H)-one compound of formula-21,
comprising of:

a) Condensing the 1-((25,35)-2-(benzyloxy)pentan-3-yl)-
4-(4-(4-(4-hydroxy phenyl)piperazin-1-yl)phenyl)-1H-
1,2,4-triazol-5(4H)-one compound of formula-20 with
((35,5R)-5-((1H-1,2,4-triazol-1-yl)methyl)-5-(2,4-dii-
luorophenyl)tetra  hydrofuran-3-yl)methyl-4-methyl
benzenesulionate compound of formula-10 1n the pres-
ence of sodium hydroxide in dimethyl sulfoxide at
45-60° C. to provide the compound of formula-21,

b) quenching the reaction mixture with water,

¢) neutralizing the reaction mixture with a suitable acid
selected from organic acids such as benzene sulfonic
acid, maleic acid, oxalic acid, fumaric acid, succinic
acid, p-toluene sulfonic acid, malic acid and the like; or
iorganic acids such as hydrochloric acid, hydrobromic
acid, sulturic acid, nitric acid and the like to provide
amorphous compound of formula-21.

The twellth aspect of the present invention is to provide a
novel process for the preparation of amorphous 4-[4-[4-][4-
[[(BR,5R)-5-(2,4-difluoro  phenyl)tetrahydro-3-(1H-1,2.4-
triazol-1-ylmethyl)-3furanyl|methoxy|phenyl]-1-piperazi-
nyl]phenyl]-2-[(1S,25)-1-ethyl-2-hydroxypropyl]-2,4-
dihydro-3H-1,2.4-trnazol-3-one compound of formula-1,
which comprising of:

a) Dissolving the compound of formula-1 in a suitable

solvent,

b) filtering the reaction mixture,

¢) adding the filtrate to a suitable anti-solvent such as
non-polar solvent,

d) stirring the reaction mixture,

¢) filtering the solid and then drying to get amorphous form
of compound of formula-1.

Wherein, the suitable solvent used 1s selected from chloro
solvents, ketone solvents, ester solvents, ether solvents, alco-
holic solvents and the suitable anti-solvent 1s selected from
non-polar solvents such as hydrocarbon solvents.

In a preferred embodiment of the present invention to pro-
vide a novel process for the preparation of amorphous 4-[4-
[4-[4-[[(3R,5R)-5-(2,4-difluoro phenyl)tetrahydro-5-(1H-1,
2.,4-triazol-1-ylmethyl)-3turanyl jmethoxy|phenyl]-1-
piperazinyl |phenyl]-2-[(15,25)-1-ethyl-2-hydroxypropyl]-
2.,4-dihydro-3H-1,2,4-trnazol-3-one compound of formula-1,
which comprising of:

a) Dissolving the compound of formula-1 1 dichlo-

romethane,

b) filtering the reaction mixture,

¢) adding the filtrate to the n-pentane,

d) stirring the reaction mixture,
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¢) filtering the solid and then drying to get amorphous form
of compound of formula-1.

The thirteenth aspect of the present invention 1s to provide

a one-pot process for the preparation of amorphous 4-[4-[4-
[4-[[(BR,5R)-5-(2,4-difluoro  phenyl)tetrahydro-5-(1H-1,2,
4-triazol-1-ylmethyl)-3  furanyl]methoxy|phenyl]-1-piper-
azinyl |phenyl]-2-[(18,25)-1-ethyl-2-hydroxypropyl]-2.4-
dihydro-3H-1,2,4-triazol-3-one compound of formula-1,
which comprising of:

a) Reacting the 4-(4-(4-(4-(((3R,5R)-5-((1H-1,2,4-triazol-
1-yDmethyl)-5-(2,4-difluorophenyl)tetrahydrofuran-3-
yDmethoxy)phenyl)piperazin-1-yl)phenyl)-1-((2S,3S)-
2-(benzyloxy)pentan-3-yl)-1H-1,2.4-triazol-5(4H)-one
with Pd/C under hydrogen pressure 1n presence of min-
eral acid 1n a suitable solvent,

b) filtering the reaction mixture and adding organic solvent
to the filtrate,

¢) cooling the reaction mixture and adjusting the pH of the
reaction mixture,

d) adding water to the reaction mixture,

¢) filtering the precipitated solid,

1) adding organic solvent to the solid, obtained in step-(e)
and heating the reaction mixture,

o) filtering the reaction mixture,

h) adding water to the filtrate and stirring the reaction
mixture,

1) filtering the precipitated solid,

1) optionally, puritying the obtained solid in step-(1),

k) adding chlorosolvent to the solid,

1) slowly adding the mixture obtained 1n step-(k) to hydro-
carbon solvent,

m) stirring the reaction mixture,

n) filtering the solid and then drying to get amorphous form
of compound of formula-1.

Wherein, the suitable solvent used in step-(b) & (1) 1s
selected from ketone solvents, preferably acetone; the suit-
able solvent used 1n step-(k) 1s selected from chloro solvents,
preferably dichloromethane; and the suitable solvent used in
step-(1) 1s selected from non-polar solvents such as hydrocar-
bon solvents, preferably n-pentane.

In a preferred embodiment of the present invention to pro-
vide a one-pot process for the preparation of amorphous
4-14-[4-14-[[(BR,5R)-5-(2,4-difluorophenyl)tetrahydro-5-
(1H-1,2,4-triazol-1-ylmethyl)-3 furanyl]methoxy]phenyl]-
1 -piperazinyl Jphenyl]-2-[(15,25)-1-ethyl-2-hydroxypro-
pyl]-2,4-dihydro-3H-1,2,4-triazol-3-one  compound
formula-1, which comprising of:

a) Reacting the 4-(4-(4-(4-(((3R,5R)-5-((1H-1,2,4-triazol-
1-yDmethyl)-5-(2,4-difluorophenyl tetrahydrofuran-3-
yDmethoxy)phenyl)piperazin-1-yl)phenyl)-1-((2S,3S)-
2-(benzyloxy)pentan-3-yl)-1H-1,2,4-triazol-5(4H)-one
with Pd/C under hydrogen pressure in presence of
hydrochloric acid in methanol,

b) filtering the reaction mixture and adding acetone to the
filtrate,

¢) cooling the reaction mixture and adjusting the pH of the
reaction mixture,

d) adding water to the reaction mixture,

¢) filtering the precipitated solid,

) adding acetone to the solid, obtained in step-(e) and
heating the reaction mixture,

o) filtering the reaction mixture,

h) adding water to the filtrate and stirring the reaction
mixture,

1) filtering the precipitated solid,

1) optionally, purifying the obtained solid 1n step-(1),

k) adding dichloromethane to the solid,

of
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1) slowly adding the mixture obtained in step-(k) to n-pen-

tane,

m) stirring the reaction mixture,

n) filtering the solid and then drying to get amorphous form

of compound of formula-1.

The fourteenth aspect of the present invention 1s to provide
a crystalline form-M of benzylated posaconazole, which 1s
characterized by i1ts powder X-ray diffractogram having
peaks at about 3.90, 5.86, 7.82, 9.82, 11.79, 13.74, 16.24,
16.95,17.83,18.90,20.09,21.49,22.89, 24.93 and 25.99+0.2
degrees two-theta as 1llustrated 1n figure-3.

The present invention mvolves the reaction of 1-((2S,35)-
2-(benzyloxy)pentan-3-yl)-4-(4-(4-(4-hydroxyphenyl)pip-
erazin-1-yl)phenyl)-1H-1,2,4-triazol-5(4H)-one compound
of formula-20 with ((3S,5R)-3-((1H-1,2,4-tnnazol-1-yl)me-
thyl)-5-(2,4-difluorophenyl)tetrahydrofuran-3-yl)methyl-4-
methylbenzenesulionate compound of formula-10 1n the
presence of dimethylsulfoxide and, sodium hydroxide to pro-
vide crude benzylated posaconazole. The obtained crude ben-
zylated posaconazole 1s 1solated from 1sopropanol to provide
pure crystalline form-M of benzylated posaconazole com-
pound of formula-21 having HPLC purity greater than
99.85%.

W0O2011/158248 A2 claims benzylated posaconazole as
crystalline form-A, which 1s characterized by 1ts powder
X-ray diffractogram having peaks at about 2.04, 6.1, 12.24,
15.06,15.73,17.17, 17.37, 18.15, 19.42, 19.97, 24.34, 26.0.
Whereas, the present mvention provides a new crystalline
form of benzylated posaconazole compound of formula-21
herein designated as crystalline form-M. The PXRD of the
obtained crystalline compound of the present invention varies
from the above said form-A, which is characterized by 1its

powder X-ray diffractogram having peaks at about 3.90, 5.86,
7.82,9.82,11.79, 12.59, 13.38, 13.74, 16.24, 16.95, 17.83,

18.90, 20.09, 21.49, 22 .89, 24.93, 26.53, 2'7.56, 28.73, 29.88
and 34.20.

The above said crystalline form-M of benzylated posa-
conazole compound of formula-21 1s useful in the preparation
of pure crystalline form-S, form-N, Form-I, IPA solvate and
also amorphous compound of formula-1.

The fifteenth aspect of the present invention 1s to provide
novel crystalline form-S of triazole antifungal compound of

formula-1 which 1s characterized by i1ts powder X-ray difirac-
togram having peaks atabout 7.19, 7.95, 10.20, 13.91, 13.38,

16.05,16.69,17.32,17.77,18.95,19.29, 19.83, 20.20, 21.32,
21.67,23.44,24.770,25.93,26.64 and 27.79+0.2 degrees two-
theta as illustrated 1n figure-4.

The sixteenth aspect of the present invention 1s to provide
a process for the preparation of crystalline form-S of triazole
antifungal compound of formula-1, comprising of:

a) Debenzylating the compound of formula-21

10

15

20

25

30

35

40

45

24

with Pd/C under hydrogen pressure in the presence of
mineral acid 1n a suitable alcoholic solvent,

b) filtering the reaction mixture,

¢) adding suitable organic solvent to the reaction mixture,

d) cooling the reaction mixture to 10 to 15° C.,

¢) adjusting pH of the reaction mixture,

1) 1solating the solid by adding purified water to the reac-

tion mixture,

g) stirring the reaction mixture,

h) filtering the solid and washing with purified water to get

the crystalline form-S of compound of formula-1.

Wherein;

in step-a) the suitable mineral acid 1s inorganic acid selected
from hydrochloric acid, hydrobromic acid, hydroiodic acid
and sulfuric acid, preferably hydrochloric acid; and suit-
able alcoholic solvent 1s selected from methanol, ethanol,
1sopropanol, preferably methanol.

in step-c) the suitable organic solvent selected from ketone
solvent, ether solvent, ester solvent and chloro solvent,
preferably ketone solvent.

The above said crystalline form-S of triazole antifungal
compound of formula-1 1s useful in the preparation of highly
pure crystalline form-N, Form-I and also amorphous com-
pound of formula-1.

The seventeenth aspect of the present invention 1s to pro-
vide novel crystalline form-N of triazole antifungal com-
pound of formula-1 which i1s characterized by 1ts powder
X-ray diffractogram having peaks atabout’7.92,10.17, 10.86,
11.26, 12.98, 13.86, 17.72, 18.66, 22.62, 24.65, 25.84 and
28.52x0.2 degrees two-theta as illustrated 1n figure-5.

The eighteenth aspect of the present invention 1s to provide
a process for the preparation of crystalline form-N of triazole
antifungal compound of formula-1, comprising of;

a) Dissolving the compound of formula-1 1n acetone,

b) heating the reaction mixture to retlux,

¢) filtering the reaction mixture,

d) adding purified water to the filtrate,

¢) stirring the reaction mixture,

1) filtering the solid and washing with purified water to get

crystalline form-N of compound of formula-1.

The above said crystalline form-N of triazole antifungal
compound of formula-1 1s useful 1n the preparation of crys-
talline IPA solvate, Form-I as well as amorphous triazole
antifungal compound of formula-1.

Formula-21

) hg\fﬂ
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The above crystalline form-S, Form-N, Form-I, IPA sol-
vate and amorphous forms of posaconazole can be prepared
by using posaconazole compound of formula-1 as a starting,
material which 1s prepared by the known processes 1n the art
or from the process disclosed 1n the above said aspects of the
present invention.

Posaconazole produced by the present ivention can be
turther micromized or milled to get the desired particle size to

achieve desired solubility profile based on different forms of
pharmaceutical composition requirements. Techniques that
may be used for particle size reduction include, but not lim-
ited to ball, roller and hammer mills, and jet mills. Milling or
micronization may be performed before drying, or after the
completion of drying of the product.

Method of Analysis for Posaconazole Intermediates:

Related substances of the Posaconazole mtermediates
were analyzed by HPLC using the following conditions:
(R)-3-((S)-4-(2,4-difluorophenyl )-2-(hydroxymethyl )pent-
4-enoyl)-4-phenyl oxazolidin-2-one (Formula-5)

Apparatus: A liquid chromatographic system i1s to be
equipped with variable wavelength UV-detector; Column:
kromosil-C18 125x4.6 mm, 3 um, 5 um or equivalent; Flow
rate: 1.0 ml/min; Wavelength: 210 nm; Column Temperature:
25° C.; Injection volume: 10 uL; Run time: 45 min; Diluent:
Water: Acetonitrile (1:1) v/v; Needle wash: Diluent; Elution:
Gradient; Mobile phase-A: Butfer (100%); Mobile phase-B:
Acetonitrile:water (90:10) v/v; Builer: 1 ml of ortho phos-
phoric acid in 1000 ml of Milli-Q-water, mix well and filter
through 0.22 um Nylon membrane filter paper.
(R)-3-((35,5R)-5-(2,4-ditluorophenyl )-5-(1odomethyl )tet-
rahydrofuran-3-carbonyl)-4-phenyloxazolidin-2-one  (For-
mula-6)

Apparatus: A liquid chromatographic system 1s to be
equipped with variable wavelength UV-detector; Column:
Chiral pak-IC 250x4.6 mm, 3 um, 5 um; Flow rate: 1.0
ml/min; Wavelength: 210 nm; Column Temperature: 25° C.;
Injection volume: 10 uLL; Run time: 40 min; Diluent: n-Hex-

ane: IPA: THF (80:20:1) v/v; Needle wash: Diluent; Elution:
Gradient; Mobile phase-A: n-Hexane: IPA: THF (90:10:1);
Mobile phase-B: Isopropyl alcohol (100%).
(3S,5R)-5-(2,4-difluorophenyl)-5-(1odomethyl tetrahydro-
furan-3-carboxylic acid (Formula-7)

Apparatus: A liquid chromatographic system 1s to be
equipped with variable wavelength UV-detector; Column:
kromosil-C18 125x4.6 mm, 3 um, 5 um or equivalent; Flow
rate: 1.0 ml/min; Wavelength: 210 nm; Column Temperature:

25° C.; Imjection volume: 10 ul.; Run time: 45 min; Diluent:
Acetonitrile: Water (50:50) v/v; Needle wash: Diluent; Elu-

tion: Gradient; Mobile phase-A: Bufler (100%); Mobile
phase-B: Acetonitrile: Water (90:10%) v/v; Bufler: 1 ml of
ortho phosphoric acid in (85%) 1000 ml of Milli-Q-water and
filter through 0.45 um Nylon membrane filter paper.
(S)-1-phenylethanamine (S)-2-(benzyloxy)propanoic acid
(Formula-13a)

Apparatus: A liquid chromatographic system i1s to be
equipped with variable wavelength UV-detector; Column:
chiral cel-OD-H 250x4.6 mm, 5 um; Flow rate: 1.0 ml/min;
Wavelength: 210 nm; Column Temperature: 35° C.; Injection
volume: 10 uL; Run time: 35 min; Diluent: Mobile phase;
Needle wash: Diluent; Elution: Isocratic; Mobile phase: A
mixture of 20 ml of ethanol, 980 ml of n-hexane and 1.0 ml of
trifluoro acetic acid.
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(S)—N'-(2-(benzyloxy)propylidene)formylhydrazide (For-
mula-16)

Apparatus: A liquid chromatographic system 1s to be
equipped with variable wavelength UV-detector; Column:
chiralpak-IC, 250x4.6 mm, 5 um; Flow rate: 0.8 ml/min;
Wavelength: 220 nm; Column Temperature: 35° C.; Injection

volume: 5 ulL; Run time: 25 min; Diluent: n-hexane:Ethanol
(90:10) v/v; Needle wash: Diluent; Elution: Isocratic; Mobile
phase: A mixture of 100 ml of ethanol, 900 ml of n-hexane

and 1.0 ml of trifluoro acetic acid.
HPLC Method of Analysis for Posaconazole:
Posaconazole 1s analyzed by HPLC using the following

conditions: Apparatus: A liquid chromatographic system 1s to
be equipped with variable wavelength UV-detector; Column:
Grace Alltima C18,150x4.6 mm 3 um or equivalent; Flow
rate: 1.0 ml/min; Wavelength: 210 nm; Column Temperature:
28° C.; Inyjection volume: 10 ul; Run time: 60 min; Diluent:
Acetonitrile: water (50:30 v/v); Needle wash: Acetonitrile:
water (50:50 v/v); Elution: Gradient; Mobile phase-A: Builer

Acetonitrile (90:10) v/v; Mobile phase-B: Acetonitrile: water
(90:10) v/v; Buller: 1.74 grams of potassium hydrogen phos-
phate 1 1000 ml of water. Adjust pH to 6.5 with diluted

orthophosphoric acid and filtered through 0.45 um Nylon
membrane filter paper and sonicate to degas 1t.
PSD Method of Analysis for Posaconazole:

The particle size distribution of posaconazole compound
of formual-1 1s measured using the following conditions:

Instrument: Malvern Master sizer 2000; Measuring range:
0.02 to 2000 um; Wet sample: Hydro 2000S; Dispersant:
Water; Absorption Index: O; Refractive Index of water: 1.330;
Retractive Index of particle: 1.500; Stirrer speed: 2500 rpm;
Obscuration range: 10-20%; Sensitivity: Normal; Measure-
ment time: 12 seconds; Background time: 12 seconds; Inter-
nal sonication: 3 minutes; (T1p displacement-70%); Measure-
ment repeat: 3 times at zero second interval.
HPLC Method of Analysis for Benzylated Posaconazole:

Benzylated posaconazole 1s analyzed by HPLC using the
following conditions: Apparatus: A liquid chromatographic
system 1s to be equipped with variable wavelength UV-detec-
tor; Column: X-bridge C18, 50x4.6 mm, 3.5 m (or) equiva-
lent; Flow rate: 0.8 ml/min; Wavelength: 210 nm; Column
Temperature: 40° C.; Imjection volume: 5 ul.; Run time: 35
min; Diluent: Water: Acetonitrile (40:60) v/v; Needle wash:
Water: Acetonitrile (40:60) v/v; Elution: Gradient; Mobile
phase-A: Buffer Acetonitrile (90:10) v/v; Mobile phase-B:
Acetonitrile: water (90:10) v/v; Buifer: 1.74 grams of potas-
sium hydrogen phosphate dibasic (anhydrous) in 1000 ml of
Milli-Q-Water. Adjust its pH to 6.5 with diluted orthophos-
phoric acid and filtered through 0.22 um Nylon membrane
filter paper and sonicate to degas 1it.

PXRD analysis of crystalline triazole antifungal com-
pound of formula-1 was carried out using BRUKER/AXS
X-Ray diffractometer using Cu Ko radiation of wavelength
1.5406 A° and continuous scan speed of 0.03°/min.

RS/OV1analysis of amorphous posaconazole 1s carried out
on Agilent GC-6850 series-2 with Flame Ionization detector,
column AP vac, flow 2 ps1 and load 1s 1 ul, detector tempera-
ture 1s 260° C. and carrier gas 1s helium.

The process of the present invention 1s schematically repre-
sented as below:
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POSACONAZOLE
Formula-1

l Isopropanol

Pure POSACONAZOLE

The process described 1n the present invention was dem-
onstrated in examples illustrated below. These examples are
provided as 1llustration only and therefore should not be
construed as limitation of the scope of the invention.

Example-1

Preparation of 4-(2,4-difluorophenyl)pent-4-enoic
acid (Formula-2)

To a mixture of 4-(2,4-difluorophenyl)-4-oxobutanoic acid
(100 g) and toluene (1000 ml), added methyl triphenylphos-
phine 1odide (377.5 g) and sodium tertiary butoxide (183 g) at
25-30° C. Heated the reaction mixture to 50-55° C. and stirred
for 6-8 hours at the same temperature. After completion of the
reaction, cooled the reaction mixture to 25-30° C. Water was
added to the reaction mixture and both organic and aqueous
layers were separated. pH of aqueous layer was adjusted to 11
using 50% hydrochloric acid. Extracted the aqueous layer
with toluene and washed the aqueous layer with dichlo-
romethane. pH of the aqueous layer was further adjusted to
2.5 using 50% HC and the reaction mixture was stirred for 45
minutes. Filtered the obtained solid, washed with water and
then dried to get the title compound. Cyclohexane (500 ml)
was added to the obtained solid and heated to 45-50° C.
Carbon (10 g) was added to the reaction mixture and stirred
for 15 minutes. Filtered the reaction mixture and washed with
hot cyclohexane. Distilled off half of the solvent under
reduced pressure. Cooled the reaction mixture to 10-15° C.
and stirred for 60 minutes at the same temperature. Filtered
the solid and washed with chilled cyclohexane and dried to
get the title compound. Yield: 65.75 g

Example-2

Preparation of (R)-3-(4-(2,4-difluorophenyl)pent-4-
enoyl)-4-phenyl oxazolidin-2-one (Formula-4)

To a solution of 4-(2,4-difluorophenyl)pent-4-enoic acid
compound of formula-2 (100 g) 1n dichloromethane (800 ml),
added triethylamine (97.4 g) at 25-30° C. and the reaction
mixture was stirred for 15 minutes at the same temperature.
The reaction mixture was cooled to 10-15° C. and added
pivaloyl chloride (63 g) to the reaction mixture over a period
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of 45 minutes. Temperature of the reaction mixture was raised
to 25-30° C. and the reaction mixture was stirred for 2 hours

at 25-30° C. After completion of the reaction, added (R)-4-

phenyloxazolidin-2-one compound of formula-3 (69 g),
4-dimethylamino pyrnidine (21 g), dimethyl formamide (37
ml) and followed by dichloromethane (200 ml) to the above
reaction mixture. Heated the reaction mixture to 45° C. and
stirred for 2 hours at the same temperature. After completion
of the reaction, the reaction mixture was cooled to 25-30° C.
Sulfuric acid was added to the reaction mixture and stirred for
15 minutes. Both organic and aqueous layers were separated
and the organic layer was washed with water. Distilled off the
solvent completely from the organic layer under reduced
pressure and i1sopropyl alcohol was added to the obtained
residue at 25-30° C. and stirred for 15 minutes at the same
temperature. The reaction mixture was cooled to 0-10° C. and
then stirred for 114 hour at the same temperature. Filtered the
obtained solid, washed with chilled isopropyl alcohol and
then dried to get title compound.

Yield: 95 g; purity by HPLC: 98.24%, 0.17% (R-POZ),
0.73% (SMI); Melting range: 50-55° C.

Example-3

Preparation of (R)-3-((3S,5R)-5-(2,4-difluorophe-
nyl)-5-(iodomethyl) tetrahydrofuran-3-carbonyl)-4-
phenyloxazolidin-2-one (Formula-6)

Step-a): Preparation of (R)-3-((S)-4-(2,4-difluo-
rophenyl)-2-(hydroxymethyl) pent-4-enoyl)-4-phe-
nyloxazolidin-2-one (Formula-3)

Titanium chloride solution (prepared from 33.8 ml of tita-
nium chloride and 350 ml of dichloromethane) was added to a
pre-cooled solution of (R)-3-(4-(2,4-difluorophenyl)pent-4-
enoyl)-4-phenyloxazolidin-2-one compound of formula-4
(100 g) in dichloro methane (1000 ml) at —20 to —10° C. under
nitrogen atmosphere and diisopropyl ethylamine (45.61 um)
was added to the reaction mixture and stirred for 40 minutes
at =20 to —10° C. A trioxane solution (prepared from 52.94 ¢
of trioxane and 150 ml of dichloro methane) was added to the
reaction mixture at —20 to —10° C. and followed by titanium
chloride solution (prepared from 33.8 ml of titanium chloride
and 50 ml of dichloro methane) at —20 to —10° C. Temperature
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ol the reaction mixture was raised to -5 to 0° C. and stirred for
2 hours at -5 to 0° C. After completion of the reaction, the
reaction mixture was added to 10% ammonium chloride at
10-15° C. Both organic and aqueous layers were separated
and the aqueous layer was extracted with dichloro methane.
Both the dichloro methane layers were combined and washed

with water followed by 10% sodium chloride solution. The
obtained dichloro methane layer was taken to the next step

without 1solating the title compound.

Step-b): Preparation of (R)-3-((3S,5R)-3-(2,4-difluo-
rophenyl)-5-(1iodomethyl)tetra hydrofuran-3-carbo-
nyl)-4-phenyloxazolidin-2-one (Formula-6)

To the above obtained dichloromethane layer containing
(R)-3-((5)-4-(2.,4-difluoro phenyl)-2-(hydroxymethyl)pent-
4-enoyl)-4-phenyloxazolidin-2-one compound of formula-5,
added sodium carbonate (59 .4 g) followed by 10dine (177.8 g)
and the reaction mixture was stirred for 3 hours at 25-35° C.
After completion of the reaction, the reaction mixture was
quenched with 30% hypo solution and the reaction mixture
was extracted with methyl tertiary butyl ether. Both organic
and aqueous layers were separated and the organic layer was
washed with 30% hypo solution, followed by 10% sodium
chloride solution. Distilled off the solvent completely from
the organic layer. Isopropanol (600 ml) was added to the
obtained compound and the reaction mixture was stirred for
114 hour at 25-30° C. Filtered the solid, washed with 1sopro-
pyl alcohol and then dried to get the title compound. Yield: 65
g: Chiral purity: 99.5%

Example-4

Preparation of (R)-3-((5)-4-(2,4-difluorophenyl )-2-
(hydroxymethyl) pent-4-enoyl)-4-phenyloxazolidin-
2-one (Formula-5)

Titanium chloride (prepared from 33.8 ml of titanium chlo-
ride and 50 ml of dichloromethane) solution (prepared from
33.8 ml of titantum chloride and 350 ml of dichloromethane)
was added to a pre-cooled solution of compound of formula-4
(100 g) in dichloro methane (1000 ml) at —20 to —10° C. under
nitrogen atmosphere and Diisopropyl ethylamine (45.61 um)
was added to the reaction mixture and was stirred for 40
minutes at =20 to —10° C. A trioxane (prepared from 52.94 ¢
of trioxane and 150 ml of dichloro methane) solution was
added to the reaction mixture over a period of 45 minutes at
—-20 to —10° C. and followed by titantum chloride solution
over a period of 45 minutes at =20 to —10° C. Temperature of
the reaction mixture was raised to -5 to 0° C. and stirred for
2 hours at -5 to 0° C. After completion of the reaction, added
ammonium chloride solution and separated both the aqueous
and organic layers. Distilled off the solvent from organic
layer to obtain a residue. Isopropyl alcohol was added to the
obtained residue and stirred for 3 hours at 25-30° C. Filtered
the solid and washed with 1sopropyl alcohol. Dried the solid
to get the title compound. Yield: 81 g.

Example-3

Preparation of (35,5R)-5-(2,4-ditluorophenyl )-5-
(1o0domethyl)tetrahydro furan-3-carboxylic acid (For-
mula-7)

Sodium hydroxide solution (prepared from 17.7 g of
sodium hydroxide and 390 ml of water) was added to a
pre-cooled solution of hydrogen peroxide (30 ml), water (65
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ml) and tetrahydroturan (390 ml) at 0-10° C., followed by a
solution of (R)-3-((3S,5R)-3-(2,4-difluorophenyl)-3-(10-
domethyl)tetrahydrofuran-3-carbonyl)-4-phenyloxazolidin-

2-one compound of formula-6 (130 g) in tetrahydroturan
(390 ml) at 0-10° C. and the reaction mixture was stirred for
30 minutes at 0-10° C. Further temperature of the reaction
mixture was raised to 25-30° C. and then stirred for 2 hours at
25-30° C. After completion of the reaction, the reaction mix-
ture was quenched with 10% sodium sulphite solution and the
reaction mixture was washed with toluene. The pH of aque-
ous layer was adjusted to 10.5 using 50% HCI and then
washed with dichloromethane. Further pH of aqueous layer
was again adjusted to 4.5 using 50% HCI. The aqueous layer
was extracted with methyl tertiary butyl ether and distilled off
the solvent from methyl tert.butyl ether layer and then co-
distilled with cyclohexane. Cyclohexane (190 ml) was added
to the obtained compound and stirred for 2 hours at 25-30° C.

Filtered the solid, washed with cyclohexane and then dried to
get title compound. Yield: 65 g; MR: 80-87° C.

Example-6

Preparation of ((3R,5R)-5-(2,4-ditfluorophenyl)-3-
(1odomethyl) tetrahydroturan-3-yl)methanol (For-
mula-8)

A solution of (3S,5R)-5-(2,4-difluorophenyl)-3-(10dom-
cthytetrahydrofuran-3-carboxylic acid compound of for-
mula-7 (150 g) 1n tetrahydrofuran (750 ml) was added to a
pre-cooled solution of sodium borohydride (45.2 g) 1n tet-
rahydroturan (750 ml) at 0-3° C., followed by BF3-etherate
(172.29 g) at 0-5° C. Temperature of the reaction mixture was
raised to 25-30° C. and stirred for 2 hours at the same tem-
perature. After completion of the reaction, the reaction mix-
ture was quenched with 5% aqueous hydrochloric acid.
Added ethylacetate to the reaction mixture. Both organic and
aqueous layers were separated and the aqueous layers were
extracted with ethyl acetate. Both the organic layers were
combined, washed with water followed by 10% sodium chlo-
ride solution and then distilled off the solvent to get the title
compound as a residue. Yield: 140 g; purity by HPLC: 98.5%.

Example-7

Preparation of ((3S,35R)-5-((1H-1,2,4-triazol-1-yl)
methyl)-5-(2,4-difluoro phenyl)tetrahydroturan-3-yl)
methyl 4-methylbenzenesulfonate (Formula-10)

Step-a): Preparation of ((3R,5R)-5-((1H-1,2,4-tr1a-
zol-1-yl)methyl)-3-(2,4-difluoro phenyl)tetrahydro-
furan-3-yl)methanol (Formula-9)

Added 4-dimethylaminopyridine (8.61 g) and sodium ter-
tiary butoxide (339 g) to a mixture of dimethylformamide
(2500 ml) and 1,2.4-tnazole (243.6 g) and stirred the reaction
mixture for 30-45 minutes at 25-35° C. ((3R,5R)-5-(2,4-dii-
luorophenyl)-5-(1odomethyl)tetrahydrofuran-3-yl ymethanol
compound of formula-8 (250 g) was added to the reaction
mixture. The reaction mixture was heated to 100-110° C. and
stirred for 18 hours at the same temperature. After completion
of the reaction, the reaction mixture was cooled to 25-35° C.
and then poured into water. Added dichloromethane to the
reaction mixture. Both organic and aqueous layers were sepa-
rated and the aqueous layer was extracted with dichloro meth-
ane. The combined dichloromethane layers were extracted
with 50% aqueous HCI and separating both the aqueous and
organic layers then pH of the aq. layer was adjusted to 8-9
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with 50% aqueous sodium hydroxide. Both organic and aque-
ous layers were separated and the aqueous layer was extracted
with ethyl acetate. The ethyl acetate layer was washed with
water followed by sodium chloride solution and then distilled
to get title compound as a residue. The obtained residue
containing the title compound of formula-9 was taken to next
step without 1solation.

Step-b): Preparation of ((3S,5R)-3-((1H-1,2,4-tna-

zol-1-yl)methyl)-3-(2,4-difluoro phenyl)tetrahydro-

furan-3-yl)methyl 4-methylbenzenesulionate (For-
mula-10)

Dichloromethane (1250 ml) was added to the obtained
residue obtained in step-a) at 25-30° C. and the reaction
mixture was cooled to 0-5° C. Dimethylamino pyridine (8.61
g) was added to the reaction mixture, and followed by p-tolu-
ene sulfonyl chlonide (121.1 g) at 0-5° C. and stirred the
reaction mixture for 1 hour at 0-5° C. Temperature of the
reaction mixture was raised to 25-30° C. and stirred for 10
hours at 25-30° C. After completion of the reaction, the reac-
tion mixture was quenched with water. Both the organic and
aqueous layers are separated. Extracted the aqueous layer
with dichloromethane and washed the dichloromethane layer
with water followed by 10% sodium chloride solution. Dis-
tilled off the solvent completely from dichloromethane layer
to get the crude title compound. To the obtained compound
pet.ether (625 ml) and followed by 1sopropyl alcohol (62.5
ml) were added and the reaction mixture was stirred for 2
hours at 25-30° C. Filtered the precipitated solid. The
obtained solid was recrystallized using 1sopropyl alcohol
(625 ml) followed by carbon to get pure title compound.
Yield: 75 grams; purity by HPLC: 98.5%.

The above prepared compound of formula-10 can be used
as a key intermediate 1n the preparation ol Triazole Antifungal
drug, preferably 1n posaconazole.

Example-8

Preparation of Phenyl-4-(4-(4-hydroxyphenyl)piper-
azin-1-yl)phenyl carbamate (Formula-19)

Phenyl chloroformate (139.5 g) was added to a pre-cooled
solution of 4-(4-(4-aminophenyl)piperazin-1-yl)phenol com-
pound of formula-18 (200 g) 1n dimethyl formamide (1400
ml) at 0-10° C. Temperature of the reaction mixture was
raised to 25-30° C. and then stirred for 3 hours at 25-30° C.
After completion of the reaction, the reaction mixture was
quenched with water. Filtered the precipitated solid and
washed with water. Isopropyl alcohol (600 ml) was added to
the solid and the reaction mixture was heated to 60-65° C. and
stirred for 1 hour at the same temperature. Further the reaction
mixture was cooled to 25-30° C. and then stirred for 1 hour at
25-30° C. Filtered the solid, washed with IPA and then dried
to get title compound.

Yield: 215 g; Purity by HPLC: 93%

Example-9

Preparation of (S)-1-phenylethanamine salt of (5)-2-
(benzyloxy) propanoic acid (Formula-13a)

a) Preparation of methyl 2-(benzyloxy )propanoate
(Formula-12)

To a pre-cooled solution of potassium tertiary butoxide
(538.4 g) in DMF (1750 ml) at -20to —10° C., added racemic
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methyl lactate compound of formula-11 (300 g) followed by
benzyl chloride (5347 g) at —20 to —10° C. and the reaction
mixture was stirred for 5 hours at the same temperature. After
completion of the reaction, the reaction mixture was
quenched with water and the reaction mixture was extracted
with ethyl acetate. The ethyl acetate layer was washed with
water and 10% sodium chloride solution and then distilled off
the solvent from ethyl acetate layer under reduced pressure to

get the title compound as a residue. The obtained residue was
taken 1to next step without 1solation.

b) Preparation of 2-(benzyloxy)propanoic acid
(Formula-13)

A mixture of residue contaiming methyl 2-(benzyloxy)pro-
panoate compound of formula-12 obtained in step-a) and
water (500 ml) was cooled to 0-5° C. A solution of sodium
hydroxide (51.5 g) in water (375 ml) was added to reaction
mixture at 0-5° C. and stirred the reaction mixture for 1 hour
at the same temperature. Temperature of the reaction mixture
was raised to 25-30° C. and stirred for 4 hours at this tem-
perature. After completion of the reaction, washed the reac-
tion mixture with dichloromethane. Both dichloromethane
and aqueous layers were separated and pH of aqueous layer
was adjusted to 2.5 using 50% hydrochloric acid solution.
Extracted the aqueous layer with dichloromethane. Distilled
off the solvent from dichloromethane layer under reduced
pressure to get the title compound as a residue. The obtained
residue can be taken 1nto next step without 1solation.

¢) Preparation of (S)-1-phenylethanamine salt of
(S)-2-(benzyloxy)propanoic acid (Formula-13a)

(S)-1-phenyl ethyl amine (184.9 g) was added to a mixture
ol residue containing 2-(benzyloxy )propanoic acid obtained
in the above step-b) and toluene (1375 ml) at 25-30° C. The
reaction mixture was stirred for 6 hours at 25-30° C. Filtered
the precipitated solid and washed with toluene and then dried
to get the title compound. The obtained compound was

recrystallized using toluene to get pure title compound.
Yield: 150 g; Chiral purity: 99.0%

Example-10

Alternative process for the preparation of (S)-1-phe-
nylethanamine salt of (S)-2-(benzyloxy)propanoic
acid (Formula-13a)

a) Preparation of methyl 2-(benzyloxy)propanoate
(Formula-12)

To a pre-cooled solution of racemic methyl lactate (200 g)
in dimethyl formamide (400 ml) at 0-10° C., added benzyl
chloride (218.8 g). Sodium tertiary butoxide (224.6 g) was
added to the reaction mixture at 0-10° C. and stirred for 6
hours at 25-35° C. After completion of the reaction, the reac-
tion mixture was quenched with water and extracted with
toluene. The toluene layer was washed with water followed
by 10% sodium chloride solution. The obtained toluene layer
containing title compound was taken to next step.

b) Preparation of 2-(benzyloxy)propanoic acid
(Formula-13)

The toluene layer obtained 1n step-a) was cooled to 10-15°
C. and was added to a pre-cooled solution of sodium hydrox-
ide (prepared from 61.5 g of sodium hydroxide and 350 ml of
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water). Temperature of reaction mixture was raised to 25-35°
C. and then stirred for 4 hours at 25-35° C. After completion
ol reaction separated the aqueous and organic layers, pH of
aqueous layer was adjusted to 2.5 using 50% HCI. The aque-
ous layer was extracted with toluene and washed with 10%
sodium chloride solution and water. The obtained toluene
layer contaiming title compound was taken to next step.

¢) Preparation of (S)-1-phenylethanamine salt of
(S)-2-(benzyloxy)propanoic acid (Formula-13a)

(S)-1-phenyl ethyl amine (116.2 g) was added to the tolu-
ene layer obtained 1n step-b) at 25-30° C. and stirred the
reaction mixture for 6 hours at 25-30° C. Filtered the precipi-
tated solid and washed with toluene. The obtained solid was

recrystallized using toluene to get pure title compound. Yield:
100 g; Chiral purity: 99.0%.

Example-11

Preparation of (S)-methyl 2-(benzyloxy)propanoate
(Formula-14)

Dimethyl formamide (0.5 ml) was added to a mixture of
(S)-1-phenylethanamine salt of (S)-2-(benzyloxy)propanoic
acid compound of formula-13a obtained 1n step-c) of above
examples-9 &. 10 (200 g) and methanol (600 ml) and the
reaction mixture was cooled to 0-3° C. Thionyl chloride (58.4
ml) was slowly added to the reaction mixture at 0-5° C. over
a period of 1 hour and stirred for 1 hour at 0-10° C. After
completion of the reaction, the reaction mixture was
quenched with water and extracted with dichloro methane.
Both aqueous and dichloro methane layers were separated,
dichloro methane layer was washed with 10% sodium chlo-
ride and water. Distilled off the solvent completely from
dichloro methane layer to get title compound. Yield: 129 g;

Chiral purity: 99.5%

Example-12

Preparation of (S)—N'-(2-(benzyloxy)propylidene)
formohydrazide (Formula-16)

a) Preparation of Formyl Hydrazine

A solution of hydrazine hydrate (138 g) and water (20 ml)
was added slowly to a mixture of ethyl formate (200 g) and
methanol (200 ml) by cooling the reaction mixture to 0-10° C.
The reaction mixture was heated to 55-60° C. and stirred for
24 hours at 55-60° C. Distilled off the solvent under reduced
pressure. Isopropanol was added to the obtained residue. The
reaction mixture was cooled to 0-5° C. and stirred for 2 hours
at 0-5° C. Filtered the solid, washed with 1sopropyl alcohol
and then dried to get title compound. Yield: 140 g

b) Preparation of (S)-2-(benzyloxy)propanal
(Formula-15)

A muxture of (S)-methyl 2-(benzyloxy)propanoate com-
pound of formula-14 obtained in example-11 (100 g) and
toluene (200 ml) was cooled to —=75 to 70° C. under nitrogen
atmosphere. DIBAL (500 ml) was added to the reaction mix-
ture and stirred for 3 hours at the same temperature. After
completion of the reaction, the reaction mixture was
quenched with methanol and 30% hydrochloric acid was
added to 1t at =75 to =70° C. Temperature of reaction mixture
was raised to 25-30° C. Both organic and aqueous layers were
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separated and the aqueous layer was extracted with toluene.
Both organic layers were combined, washed with 5% sodium
bicarbonate and 10% sodium chloride solution. The organic
layer containing title compound 1s carried for the next step
without distillation.

¢) Preparation of (S)—N'-(2-(benzyloxy)propy-
lidene)tormo hydrazide (Formula-16)

To a pre-cooled solution of formyl hydrazine (40.3 g) 1n
methanol (290 ml) at 0-3° C., toluene layer containing (S)-2-
(benzyloxy)propanal compound of formula-15 obtained 1n
step-b) was added. Slowly raised the temperature of reaction
mixture to 25-30° C. and stirred for 4 hours at 25-30° C. After
completion of the reaction, distilled off the solvent under
reduced pressure to get title compound. Ethyl acetate (210
ml) was added to the obtained compound and stirred for 1
hour at 25-30° C. Filtered the reaction mixture to remove the
unwanted solid and washed with ethyl acetate. Distilled off
the solvent completely from the filtrate under reduced pres-
sure to get semi-solid. Petroleum ether (210 ml) was added to
the obtained semi-solid and stirred for 2 hours at 25-30° C.
Filtered the precipitated solid, washed with petroleum ether
and then dried to get title compound.

Yield: 67 g; Chiral purity: 99.5%.

Example-13

Preparation of N'-((2S,35)-2-(benzyloxy)pentan-3-
yD)formohydrazide (Formula-17)

A mixture of methyl tertiary butyl ether (150 ml), Mg
turnings (18 g) and I, (0.03 g) was heated to 40-45° C. under
nitrogen atmosphere and ethyl bromide (81.8 g) was added
slowly to the reaction mixture for about 1 hour. The reaction
mixture was further heated to 50-55° C. and methyl tertiary
butyl ether (60 ml) was added to 1t. The reaction mixture was
stirred for 2 hours at 50-55° C. and cooled 0-10° C. N,O-
Bistrimethyl silyl acetamide (60.9 g) was added to a mixture
of methyl tertiary butyl ether (150 ml) and (S)—N'-(2-(ben-
zyloxy)propylidene)formohydrazide compound of formula-
16 (30 g) over a period of 45 minutes at 25-30° C. and stirred
for 1 hour at 25-30° C. This reaction mixture was added to the
above reaction mixture at 0-10° C. under nitrogen atmo-
sphere. Temperature of the reaction mixture was raised to
25-30 C and stirred for 8 hours at 25-30° C. After completion
of reaction, the reaction mixture was quenched with 8% ace-
tic acid 1n chilled water. The reaction mixture was stirred for
30 minutes at 25-30° C. and both organic and aqueous layers
were separated. The organic layer was washed with 10%
sodium chloride solution and followed by water. Distilled off
the solvent completely to get the title compound. The
obtained compound was taken 1into next step without isolating
the compound. Yield: 48 g

Example-14

Preparation of 1-((2S,3S)-2-(benzyloxy )pentan-3-
y1)-4-(4-(4-(4-hydroxyphenyl)piperazin-1-yl)phe-
nyl)-1H-1,2,4-triazol-5(4H)-one (Formula-20)

a) Preparation of Compound of Formula-20

A mixture ol N'-((2S,35)-2-(benzyloxy)pentan-3-yl)ior-
mohydrazide compound of formula-17 (45.5 g) obtained in
example-13, dioxane (500 ml) added phenyl 4-(4-(4-hydrox-
yphenyl)piperazin-1-yl)phenylcarbamate compound of for-
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mula-19 (50 g) was heated to 90-100° C. Triethylamine (26 g)
was added to the reaction mixture at 90-100° C. over a period
of 1 hour and stirred for 24 hours at 90-100° C. After comple-
tion of the reaction, the reaction mixture was cooled to 25-30°
C. and dichloromethane was added to the reaction mixture.
Filtered the reaction mixture through hyflow bed and washed
with dichloromethane. Water was added to the filtrate. Both
organic and aqueous layers were separated and the aqueous
layer was extracted with dichloromethane. Both organic lay-
ers were combined and washed with 2% sodium hydroxide
solution followed by water, and then with 5% hydrochloric
acid solution followed by water and 5% NaHCO, solution
washing. Distilled off the solvent from organic layer under
reduced pressure to get the title compound. Isopropyl alcohol
(75 ml) was added to the obtained compound and the reaction
mixture was cooled to 25-30° C. The reaction mixture was
stirred for 6 hours at 25-30° C. Filtered the solid, washed with
1sopropyl alcohol and then dried to get the title compound.

Yield: 28 g; Punity by HPLC: 97.67%; Impurity-A: 0.37%

b) Punification of Compound of Formula-20

The obtained compound of formula-20 (30 g) was dis-
solved 1n methanol (960 ml) by heating at 60-65° C. The
reaction mixture was cooled to 25-30° C. and stirred for 30
minutes at the same temperature. Filtered the precipitated
solid and dried to get the pure compound of formula-20.

Yield: 70%; Purnity by HPLC: 99.15%; Impurity-A: 0.09%

Example-135

4-(4-(4-(4-(((BR,5R)-5-((1H-1,2,4-triazol-1-y])me-
thyl)-5-(2,4-difluoro phenyl)tetrahydrofuran-3-yl)
methoxy)phenyl)piperazin-1-yl)phenyl)-1-((25,3S5)-
2-(benzyloxy)pentan-3-yl)-1H-1,2,4-triazol-5(4H)-
one (Formula-21)

Added 1-((2S5,3S)-2-(benzyloxy)pentan-3-yl1)-4-(4-(4-(4-
hydroxyphenyl) piperazin-1-yl)phenyl)-1H-1,2,4-trnazol-5
(4H)-one compound of formula-20 (35 g) to a mixture of
dimethylsulfoxide (350 ml) and sodium hydroxide (3.4 g) and
water (7 ml) at 25-30° C. and stirred for 45 minutes at 25-30°
C. ((35,5R)-3-((1H-1,2,4-triazol-1-yl)methyl)-5-(2,4-difluo-
rophenyl)tetrahydrofuran-3-yl)methyl-4-methylbenzene-
sulfonate compound of formula-10 (31.5 g) was added to the
above reaction mixture at 25-30° C. and stirred 5 hours at
25-30° C. After completion of the reaction, water was added
to the reaction mixture. The reaction mixture was extracted
twice with ethyl acetate. The organic layers were washed with
10% sodium chloride solution. Distilled off the solvent under
reduced pressure to get the compound as residue. Dissolved
the obtained residue 1n 1sopropanol (320 ml) at 45-50° C.
Filtered the solid, washed with water and dried to get the title
compound. Yield: 98%; Purity by HPLC: 93.1%

Example-16
Preparation of Posaconazole (Formula-1)

SN hydrochloric acid (72 ml) and 10% Pd—C(10 g) were
added to a solution of 4-(4-(4-(4-(((3R,5R)-5-((1H-1,2,4-
triazol-1-yl)methyl)-3-(2,4-difluorophenyl)tetrahydro furan-
3-yDmethoxy)phenyl)piperazin-1-yl)phenyl)-1-((2S,3R)-2-
(benzyloxy)pentan-3-yl)-1H-1,2,4-triazol-5(4H)-one
compound of formula-21 (42 g) 1n methanol (420 ml). The
reaction mixture was hydrogenated for 5 hours under a hydro-
gen gas pressure of 4-5 kg/cm” at 50 . After completion of
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reaction, the catalyst was filtered off and washed with metha-
nol. pH of the filtrate was adjusted to ~7.0 using 4N sodium
hydroxide. Water was added to the reaction mixture and
stirred for 2 hours at 25-35° C. Filtered the separated solid and
washed with water. The obtained solid was dissolved 1n
acetone (320 ml) and stirred at reflux temperature for 30

minutes. Filtered the undissolved product and added water to
the filtrate and stirred the reaction mixture for 4 hours at
25-35° C. Filtered the separated solid and washed with water.
Further the solid was recrystallized from 1sopropyl alcohol to
get the title compound. Purity by HPLC: 99.85%; Yield:
75.0%: Chiral purity by HPLC: 99.82%.

Example-17

Preparation of Amorphous Posaconazole Compound
of Formula-1

A mixture of Posaconazole (100 g) and dichloromethane
(500 ml) was stirred to get clear solution. The solution was
filtered and the filtrate was slowly added to n-pentane (7500
ml) at 25-30° C. The resulting mixture was stirred for 2 hours
at the same temperature. The compound obtained was filtered
and washed with n-pentane. Dried the obtained solid to get
amorphous solid. Yield: 95%.

Particle size distribution: D(0.1): 11.69 um; D(0.5): 52.74
wm; D(0.9): 116.52 um.

Example-18

Preparation of Isopropanol Solvate Form of
Posaconazole (Formula-1)

Dissolved the posaconazole (30 g) 1n 1sopropyl alcohol
(300 ml) by heating to reflux temperature. Filtered the reac-
tion mixture, filtrate was cooled to 25-30° C. and stirred for 2
hours at 25-30° C. Filtered the solid and washed with 1sopro-
pyl alcohol. Dried the obtained solid for 8 hours at 60-65° C.
to get the title compound. Yield: 75.0%

The obtained crystalline solid herein designated as

Form-M is characterized by powder X-ray diflractogram hav-
ing peaks at about 3.5, 6.9, 7.6, 9.8, 14.1, 14.4, 135.0, 13.7,
17.7,19.3,19.9,20.3,22.2,22.9, 23.1 and 25.4+0.2 degrees

two-theta as illustrated in figure-1.

Example-19

Preparation of amorphous 4-(4-(4-(4-(((3R,5R)-3-
((1H-1,2,4-trnazol-1-yl)methyl)-5-(2,4-difluorophe-
nyl)tetrahydrofuran-3-yl)methoxy)phenyl)piperazin-
1-yD)phenyl)-1-((25,3R)-2-(benzyloxy)pentan-3-yl)-
1H-1,2,4-triazol-35(4H)-one (Formula-21)

A solution of sodium hydroxide (9.2 g) and water (10 ml)
was cooled to 25-35° C. and added dimethyl sulfoxide (350
ml), followed by 1-((2S,35)-2-(benzyloxy)pentan-3-yl)-4-
(4-(4-(4-hydroxyphenyl))piperazin-1-yl)phenyl)-1H-1,2.4-
triazol-5(4H)-one (50 gms) compound of formula-20 at
25-35° C. The reaction mixture was stirred for 45 minutes at
the same temperature. ((35,5R)-5-((1H-1,2,4-triazol-1-yl)
methyl)-5-(2,4-ditfluoro phenyl)tetrahydrofuran-3-yl)methyl
4-methylbenzenesulfonate (50 ums) compound of formula-
10 was added to the above reaction mixture and heated to
45-60° C. The reaction mixture was stirred for 6 hours at the
same temperature. After completion of the reaction, the reac-
tion mixture was quenched with water and neutralized with
hydrochloric acid. The reaction mixture was stirred for 1 hour
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at 25-35° C. Filtered the solid and washed with water. Dried
the solid to get the title compound. Yield: 79 g

Example-20
Preparation of Benzylated Posaconazole: [ Form-M]

Added 1-((2S,35)-2-(benzyloxy)pentan-3-yl)-4-(4-(4-(4-
hydroxyphenyl) piperazin-1-yl)phenyl)-1H-1,2,4-triazol-3
(4H)-one compound of formula-20 (35 g) to a mixture of
dimethylsulfoxide (350 ml) and sodium hydroxide (3.4 g) and
water (7 ml) at 25-30° C. and stirred for 45 minutes at 25-30°
C. ((3S,5R)-3-((1H-1,2,4-triazol-1-yl)methyl)-5-(2,4-difluo-
rophenyl)tetrahydrofuran-3-yl)methyl-4-methylbenzene-
sulfonate compound of formula-10 (31.5 g) was added to the
above reaction mixture at 25-30° C. and heated the reaction
mixture to 45° C. and stirred for 5 hours at the same tempera-
ture. After completion of the reaction, cooled the reaction
mixture to room temperature and water was added to the
reaction mixture. The reaction mixture was extracted twice
with ethyl acetate. Adjusted the pH of the reaction mixture
with aqueous hydrochloric acid solution. The organic layers
were washed with sodium chloride solution. Distilled off the
solvent under reduced pressure to get the compound as resi-
due. Dissolved the obtained residue in 1sopropanol (320 ml)
at 45-50° C. Filtered the solid, washed with 1sopropanol and
dried aenially to get the title compound. Yield: 98%; Purity by
HPLC: 99.5%; M.R: 117° C.-119° C.

PXRD of obtained crystalline form-M of benzylated posa-
conazole 1s depicted 1n figure-3.

Example-21
Preparation of Crystalline Posaconazole: [Form-S]

SN hydrochloric acid (50 ml) and 3% Pd/C (25 g) were
added to benzylated posaconazole (50 g) obtaimned from
example-20 1n methanol (630 ml). The reaction was hydro-
genated for 5 hours under a hydrogen gas pressure of 4-5
kg/cm” at 50° C. After completion of the reaction, the catalyst
was liltered off and the catalyst 1s quenched with aqueous
hydrochloric acid. Acetone (100 ml) was added to the filtrate
and pH of the filtrate was adjusted to 7.0 using 4N sodium
hydroxide. Water was added to the reaction mixture and
stirred for 2 hours at 25-30° C. Filtered the separated solid and
washed with water to get title compound. Yield: 30 g

PXRD of the obtained crystalline form-S of posaconazole
1s depicted 1n figure-4.

Example-22

Preparation of Crystalline Form of Posaconazole:
|Form-N|

Posaconazole (30 g) was dissolved in acetone (500 ml) and
heated to reflux for 30 minutes. Filtered the reaction mixture

through hytlow bed and added purified water (500 ml) to the
reaction mixture. Stirred the reaction mixture at 30° C. for 1
hour. Filtered the precipitated solid and washed with purified
water to get the title compound. Yield: 22 g. PXRD of the
obtained crystalline form-N of posaconazole 1s depicted 1n
figure-5.

Example-23

Preparation of Crystalline IPA Solvate Form of
Posaconazole

Dissolved the posaconazole (30 g) 1n 1sopropyl alcohol
(300 ml) by heating to reflux temperature. Filtered the reac-
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tion mixture and the filtrate was cooled to 25-30° C. and
stirred for 2 hours at 25-30° C. Filtered the precipitated solid
and washed with 1sopropyl alcohol. Dried the obtained solid
for 8 hours at 60-65° C. to get the title compound.

Yield: 24 ¢,

Example-24

Preparation of Amorphous Posaconazole Compound
of Formula-1

Posaconazole (100 g) and dichloromethane (500 ml) were
charged into a clean and dry RBF at 25-30° C. and the result-
ing mixture was stirred for 15 minutes at the same tempera-
ture to get clear solution. The solution was filtered and the
filtrate was slowly added to n-pentane (7500 ml) 1n another
RBF at -30 to —20° C. The resulting mixture was stirred for 2
hrs at the same temperature. The compound obtained was
filtered and washed with n-pentane and dried to get the title
compound.

Yield: 95%; Particle size distribution: D(0.1): 14.95 um;
D(0.5): 59.38 um; D(0.9): 127.80 um.

Example-235

Preparation of Amorphous Posaconazole Compound
of Formula-1

The amorphous posaconazole compound of formula-1 can
be obtained by repeating the process exemplified 1n example-
24 at a temperature of 20-33° C. to get the title compound.

Example-26

One-Pot Process for the Preparation of Amorphous
Posaconazole Compound of Formula-1

SN hydrochloric acid (200 ml) and 5% Pd—C(50 g) were
added to a solution of 4-(4-(4-(4-(((3R,5R)-5-((1H-1,2,4-
triazol-1-yl)methyl)-5-(2.,4-difluorophenyl)tetrahydro furan-
3-yl)methoxy)phenyl)piperazin-1-yl)phenyl)-1-((25,3S)-2-
(benzyloxy)pentan-3-yl)-1H-1,2,4-tnazol-5(4H)-one (100
o) 1n methanol (850 ml) 1n an autoclave. The reaction mixture
was hydrogenated for 5 hours under a hydrogen gas pressure
of 4 kg/cm” at 50° C. After completion of the reaction, the
reaction mixture was filtered off and washed with methanol.
pH of the filtrate was adjusted to 7.0 with aqueous sodium
hydroxide solution. Water was added to the reaction mixture
and stirred for 1 hour at 25-35° C. Filtered the precipitated
solid and washed with purified water. Acetone (1200 ml) was
added to the obtained solid and heated to 55-60° C. Stirred the
reaction mixture for 30 minutes and filtered on hytlow bed
and washed with acetone. 1300 ml of water was slowly added
to the filtrate at 30-35° C. Stirred the reaction mixture for 60
minutes at 30-35° C. and filtered the precipitated solid and
washed the solid with water. The obtained solid was dissolved
in 1000 ml of i1sopropyl alcohol at 60-65° C. Cooled the
reaction mixture to 30-35° C. and stirred for 2 hours at 30-35°
C. The precipitated solid was filtered and washed with 1s0-
propyl alcohol. The obtained solid was dissolved 1n 280 ml of
dichloromethane. The obtained solution was filtered and the
filtrate was added to 4200 ml of n-heptane at 25-30° C. The
reaction mixture was stirred for 2 hours at 25-30° C., filtered
the obtained solid and washed with n-heptane. Dried the
obtained solid to get amorphous compound of formula-1.

Yield: 52 g.




US 9,102,664 B2

43

Example-27

One-Pot Process for the Preparation of Amorphous
Posaconazole Compound of Formula-1

SN hydrochloric acid (200 ml) and 3% Pd—C(50 g) were
added to a solution of 4-(4-(4-(4-(((3R,5R)-5-((1H-1,2,4-
triazol-1-yl)methyl)-5-(2.,4-difluorophenyl)tetrahydro furan-
3-yl) methoxy)phenyl)piperazin-1-yl)phenyl)-1-((25,35)-2-
(benzyloxy)pentan-3-yl)-1H-1,2,4-triazol-5(4H)-one (100
g) 1n methanol (850 ml) 1n an autoclave. The reaction mixture
was hydrogenated for 5 hours under a hydrogen gas pressure
of 4 kg/cm” at 50° C. After completion of the reaction, the
reaction mixture was filtered off and washed with methanol.
pH of the filtrate was adjusted to 7.0 with aqueous sodium
hydroxide solution. Water was added to the reaction mixture
and stirred for 1 hour at 25-35° C. Filtered the precipitated
solid and washed with purified water. Acetone (1200 ml) was
added to the obtained solid and heated to 55-60° C. Stirred the
reaction mixture for 30 minutes and filtered on hyflow bed
and washed with acetone. 1300 ml of water was slowly added
to the filtrate at 30-35° C. Stirred the reaction mixture for 60
minutes at 30-35° C. and filtered the precipitated solid and
washed the solid with water. The obtained solid was dissolved
in 300 ml of dichloromethane. The obtained solution was
filtered and the filtrate was added to 4500 ml of n-heptane at
25-30° C. The reaction mixture was stirred for 2 hours at
25-30° C., filtered the obtained solid and washed with n-hep-
tane. Dried the obtained solid to get amorphous compound of
formula-1.

Yield: 55 g.

Example-28

One-Pot Process for the Preparation of Amorphous
Posaconazole Compound of Formula-1

SN hydrochloric acid (100 ml) and 5% Pd—C(25 g) were
added to a solution of 4-(4-(4-(4-(((3R,5R)-5-((1H-1,2,4-
triazol-1-yl)methyl)-5-(2.,4-difluorophenyl)tetrahydro furan-
3-yDmethoxy)phenyl)piperazin-1-yl)phenyl)-1-((25,3S5)-2-
(benzyloxy)pentan-3-yl)-1H-1,2,4-triazol-5(4H)-one (50 g)
in methanol (300 ml) 1n an autoclave. The reaction mixture
was hydrogenated for 5 hours under a hydrogen gas pressure
of 4 kg/cm” at 50° C. After completion of the reaction, the
catalyst was filtered oif and washed with methanol and the
Pd—C was quenched with aqueous hydrochloric acid solu-
tion. pH of the filtrate was adjusted to 7.0 with aqueous
sodium hydroxide solution. Water was added to the reaction
mixture and stirred for 1 hour at 25-35° C. Filtered the pre-
cipitated solid and washed with purified water. The obtained
solid was converted 1n to amorphous posaconazole com-
pound of formula-1 by repeating the process disclosed in

above example-24 & 25.
Yield: 95%.

Example-29

Preparation of Crystalline Form-I of Posaconazole
Compound of Formula-1

Posaconazole (100 g) and dichloromethane (500 ml) were
charged into a clean and dry RBF at 25-30° C. and the result-
ing mixture was stirred for 15 minutes at the same tempera-
ture. The reaction mixture was filtered and 80% of the solvent
from the filtrate was distilled off under reduced pressure and
co-distilled with 1sopropanol. The 1sopropanol (2000 ml) was
added to the obtained residue. Heated the reaction mixture to
70-75° C. and stirred for 15 minutes at the same temperature.
The reaction mixture was cooled to 25-30° C. and stirred for
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2 hours at the same temperature. Filtered the precipitated
solid and washed with 1sopropanol then dried to get crystal-
line Form-I of Posaconazole.
M.R: 168-171° C.; Yield: 96%:; Particle size distribution:
D(0.1): 5.06 um; D(0.5): 12.69 um; D(0.9): 28.54 um.

The PXRD of the obtained compound matches with prior-
art crystalline Form-I of Posaconazole.

Example-30

Preparation of Amorphous Posaconazole from
Crystalline Form-I of Posaconazole

Crystalline form-1 of Posaconazole (100 g) and dichlo-
romethane (500 ml) were charged 1nto a clean and dry RBF at
25-30° C. and the resulting mixture was stirred to get clear
solution. The solution was filtered and the filtrate was slowly
added to n-pentane (7500 ml) in another RBF at 25 to 30° C.
The resulting mixture was stirred for 2 hrs at the same tem-
perature. The precipitated solid was filtered and washed with
n-pentane and dried to get the title compound.

Yield: 95%.

Example-31

Preparation of Amorphous Posaconazole from
Crystalline Form-I of Posaconazole

The amorphous posaconazole compound of formula-1 can
be obtained by repeating the process exemplified 1n example-
30 at a temperature of =30 to -20° C. to get the title com-
pound.

Example-32

Preparation of Form-I of Posaconazole from
Crystalline Form-III of Posaconazole

Crystalline form-III of Posaconazole (100 g) and 1sopro-
panol (2000 ml) were charged into a clean and dry RBF at
25-30° C. The reaction mixture was heated to 70-75° C. to get
the clear dissolution. The reaction mixture was slowly cooled
to 25-30° C. and stirred for 2 hours at the same temperature.
Filtered the precipitated solid washed with 1sopropanol and
then dried to get crystalline Form-I of Posaconazole.

M.R: 168-171° C.; Yield: 96%:;

Particle size distribution: D(0.1): 2.80 um; D(0.5): 6.22 um;
D(0.9): 16.37 um.

The PXRD of the obtained compound matches with prior-art
crystalline Form-I of Posaconazole.

Example-33

Preparation of Amorphous Posaconazole from
Crystalline Form-III of Posaconazole

Crystalline form-III of Posaconazole (100 g) and dichlo-
romethane (500 ml) were charged into a clean and dry RBF
and the resulting mixture was stirred to get clear solution. The
solution was filtered and the filtrate was slowly added to
n-pentane (7500 ml) 1n another RBF at -30 to —20° C. The
resulting mixture was stirred for 2 hrs at the same tempera-
ture. The compound obtained was filtered and washed with
n-pentane. Suck dried the product for 30 min followed by
dried aenially for 2 hrs. Finally the product was dried at 50-55°
C. to get the title compound.

Yield: 95%.
The crystalline form-III of the posaconazole used as a

starting material 1n example-32 & 33 can be prepared from
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the process known 1n the art or from the process disclosed in
U.S. Pat. No. 6,938,337 hereinafter incorporated as a refer-

CIICC.

We claim:

1. A process for the preparation of triazole dertvative com-
pound of Formula-1

Formula 1

CH;

OH,

CH;

comprising:

a) reacting a compound of Formula-16

Formula-16
NNHCHO

H;C

OBn

with ethyl magnesium halide in the presence of bis(trim-
cthylsilyl)acetamide in a solvent to provide a compound
of Formula-17,

Formula-17
NHNHCHO:;

H;3C

OBn

b) reacting the compound of Formula-17 i-situ with a
compound of Formula-19

Formula-19

OO
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in the presence of a base 1n a solvent to provide a compound
of Formula-20,

Formula-20

/ \ >\ L(
S \_/ C
¢) condensing the compound of Formula-20 with a com-
pound of Formula-10

Formula-10

in the presence of a base in a polar aprotic solvent to
provide a compound of Formula-21,

Formula-21

d) debenzylating the compound of Formula-21 with Pd/C
under hydrogen pressure 1n the presence of mineral acid
in an alcoholic solvent to provide the compound of For-
mula-1; and

¢) optionally, puritying the compound of Formula-1
obtained 1n step-(d) from a solvent to provide pure com-
pound of Formula-1.

2. The process according to claim 1, wherein:

in step (a), the solvent 1s methyl tertiary butyl ether, tet-
rahydrofuran, diethyl ether, methyl tert-butyl ether or
dioxane;

in step (b), the base 1s an organic base and the solvent 1s
cther solvent selected from tetrahydrofuran, dioxane,
tertiarybutylmethyl ether or diethyl ether;
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in step (c), the base 1s an inorganic base and the polar
aprotic solvent 1s selected from dimethylformamide,
dimethylacetamide or dimethylsulfoxide;

in step (d), the mineral acid 1s hydrochloric acid,

hydroiodic acid or sulturic acid and the alcoholic solvent
1s methanol, ethanol, 1sopropanol or butanol; and

in step (e), the solvent 1s an alcoholic solvent.

3. The process according to claim 1, wherein the process
for the preparation of the compound of Formula-10 com-
Prises:

1) hydrolyzing a compound of Formula-6

Formula-6

in presence of a base and hydrogen peroxide 1n a solvent to
provide a compound of Formula-7,

Formula-7

i1)reducing the compound of Formula-7 with a reducing
agent 1n a solvent to provide a compound of Formula-8,

Formula-8

111) reacting the compound of Formula-8 with 1,2,4-tnaz-
ole 1n presence of a base 1n a solvent to provide a com-
pound of Formula-9,

Formula-9

1v) reacting the compound of Formula-9 1n-situ with tosyl
chloride 1n presence of a base 1n a solvent to provide the
compound of Formula-10.
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4. The process according to claim 3, wherein:

in step (1), the base 1s an 1norganic base; and the solvent 1s
selected from ether solvents, ester solvents or ketone
solvents:

in step (11), the reducing agent 1s selected from DIBAL-H,
lithium aluminiumhydride, sodiumborohydride, lithi-
umborohydride, NaBH,CN, sodiumborohydride/BEF ;-
ctherate, vitride, sodium borohydride/aluminium chlo-
ride or borane/aluminiumchloride, sodiumborohydride/
10dine or 9-BBN:; and the solvent 1s selected {from ether
solvents, ester solvents or ketone solvents:

in step (111), the base 1s an organic base selected from
triethylamine, tributyl amine, pyridine, 4-dimethylami-
nopyridine, N-methylmorpholine or diisopropylethyl
amine, or an iorganic base selected from alkali metal
carbonates, alkali metal hydroxide, alkali metal bicar-
bonates, or alkali metal alkoxides; and the solvent 1s
selected from polar aprotic solvents, chloro solvents,
ester solvents, or ketone solvents; and

in step (1v), the base 1s selected from an organic base
selected from triethylamine, tributyl amine, pyridine,
4-dimethylaminopyridine, N-methylmorpholine or
diisopropylethyl amine; and the solvent 1s selected from
chloro solvents, alcoholic solvents, or hydrocarbon sol-
vents.

5. The process according to claim 3, wherein the process
for the preparation of the compound of Formula-7/

COMprises:

A) reacting a compound of Formula-2

Formula-2

/

\

OH

with a compound of Formula-3

Formula-3

Ph

.
o\<o

in presence ol an activating agent and a base 1n a solvent to
provide a compound of Formula-4,

Formula-4
F F
N X 0 O
P N)‘\O;
Ph
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B) hydroxymethylating the compound of Formula-4
with 1,3,5-trioxane 1n presence of a base and a cata-
lystin a solvent to provide a compound of Formula-3,

Formula-5

C) cyclizing the compound of Formula-3 in-situ 1n pres-
ence of 1odine and a base 1n a solvent to provide a
compound of Formula-6,

Formula-6
O
o o
F F §_N g
(5
(R) Ph “

D) hydrolyzing the compound of Formula-6 in presence
of an aqueous base and hydrogen peroxide 1n a solvent
to provide the compound of Formula-7.

6. The process according to claim 5, wherein:

in step (A), the activating agent 1s selected from thionyl

chloride, oxalyl chloride, pivaloyl chloride, carbon-

ylditriazole, oxalylditnazole, POCIl;, PCl;, PCl; or

SO,Cl,; the organic base 1s selected from triethylamine,

tributyl amine, pyridine, 4-dimethylaminopyridine,

N-methylmorpholine or diisopropylethyl amine and the

solvent 1s selected from chloro solvents, ester solvents,

ketone solvents, polar aprotic solvents or alcoholic sol-
vents or mixture thereof;

in step (B), the base 1s an organic base; the catalyst 1s

titanium tetrachloride; and the solvent 1s selected from

chloro solvent, ketone solvents, ester solvents, ether sol-
vents or alcoholic solvents;

in step (C), the base 1s selected from alkali metal hydrox-

1des, alkali metal alkoxides, alkali metal carbonates, or

alkali metal bicarbonates; and the solvent 1s selected
from ether solvents, chloro solvents, alcoholic solvents
or ester solvents or a mixture thereof; and

in step (D), the base 1s an organic base or an tnorganic base;

and the solvent 1s selected from ether solvents, ester

solvents, ketone solvents or hydrocarbon solvents.

7. The process according to claim S, wherein the amount of
hydrogen peroxide used 1n step (D) 1s between 1.0-2.0 moles
per one mole of compound of Formula-6.

8. The process according to claim 1, wherein the process
for the preparation of the compound of Formula-19 com-
prises reacting a compound of Formula-18

Formula-18

with phenylchloroformate 1n the absence of a base 1n a
solvent selected from polar aprotic solvents, chloro sol-
vents, ester solvents, ketone solvents, alcoholic solvents
or ether solvents to provide the compound of Formula-

19.
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9. The process according to claim 1, wherein step (c¢) fur-

ther comprises:

1) condensing the compound of Formula-20 with the com-
pound of Formula-10 in the presence of an aqueous base
selected from alkali metal hydroxides, alkali metal
alkoxides, alkali metal carbonates, or alkali metal bicar-
bonates 1n a solvent selected from polar aprotic solvents,
chloro solvents, ester solvents, or ether solvents to pro-
vide the compound of Formula-21;

11) quenching the reaction mixture with water; and

111) neutralizing the reaction mixture with an acid to pro-
vide amorphous compound of Formula-21.

10. The process according to claim 1, wherein the process

for the preparation of the compound of Formula-16 com-
Prises:

1) reacting racemic methyl lactate with benzyl chloride 1n
the presence of an alkali metal alkoxide 1 a solvent
selected from polar aprotic solvents, ester solvents,
chloro solvents or alcoholic solvents to provide a com-
pound of Formula-12

Formula-12

OCH;;
(O Bn

11) hydrolyzing the compound of Formula-12 1n-situ with
an alkali metal hydroxide 1n a solvent selected from
hydrocarbon solvents, ester solvents, or alcoholic sol-
vents to provide a compound of Formula-13

Formula-13

H;C
OH;

OBn

111) resolving the compound of Formula-13 in-situ with
(S)-1-phenylethanamine 1 a solvent selected from
hydrocarbon solvents, chloro solvents or ester solvents
to provide a compound of Formula-13a

Formula-13a

H3C ‘“\NHgg

O L.
H;C
Ol =

OBn ‘

X

1v) reacting the compound of Formula-13a with methanol
in presence of thionyl chloride 1n a polar aprotic solvent
to provide a compound of Formula-14

Formula-14

H;C
OCHj:

(O Bn
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v) reducing the compound of Formula-14 with DIBAL-H
in toluene to provide a compound of Formula-135

Formula-15 5
H;C

OBn 10

v1) reacting the compound of Formula-15 in-situ with
formyl hydrazine in methanol to provide the compound
of Formula-16.
11. The process according to claim 1, wherein the com- 15
pound of Formula-1 1s in the form of:
a) 1sopropanol solvate compound of Formula-1 character-

1zed by 1ts powder X-ray diffractogram having peaks at
about3.5,6.9,7.6,9.8,14.1,14.4,15.0,15.7,17.7,19.3,

19.9, 20.3, 22.2, 22.9, 23.1 and 25.4+£0.2 degrees of 20
two-theta:

b) crystalline form-S compound of Formula-1 character-
1zed by 1ts powder X-ray diffractogram having peaks at

about 7.19, 7.95, 10.20, 13.91, 15.38, 16.05, 16.69,
17.32,17.77,18.95, 19.29, 19.83, 20.20, 21.32, 21.67, 25
23.44, 2470, 25.93, 26.64 and 27.79.£0.2 degrees of
two theta; or

¢) crystalline form-N compound of Formula-1 character-

1zed by 1ts powder X-ray diffractogram having peaks at
about 7.92, 10.17, 10.86, 11.26, 12.98, 13.86, 17.72, 30

18.66,22.62,24.65,25.84 and 28.52+0.2 degrees of two
theta.

12. The process according to claim 11, wherein the com-
pound of Formula-1 is in the form of the i1sopropanol solvate
compound of Formula-1 and 1s prepared by a process com- 35
prising:

1) dissolving the compound of Formula-1 1n 1sopropanol by

heating to reflux temperature;

11) filtering the reaction mixture;

111) cooling the reaction mixture; 40

1v) stirring the reaction mixture;

v) filtering the solid and washing with 1sopropanol; and

v1) drying the solid to get crystalline 1sopropanol solvate of
compound of Formula-1.

13. The process according to claim 11, wherein the com- 45
pound of Formula-1 1s in the form of crystalline form-S
compound of Formula-1 and 1s prepared by a process com-
prising:

1) debenzylating the compound of Formula-21 with Pd/C
under hydrogen pressure 1n the presence of mineral acid 50
in an alcoholic solvent to provide the compound of For-
mula-1 1n accordance with step (d);

11) filtering the reaction mixture;

111) adding an organic solvent to the reaction mixture;

1v) cooling the reaction mixture to 10 to 15° C.; 55

v) adjusting pH of the reaction mixture;

v1) adding purified water to the reaction mixture;

v11) stirring the reaction mixture; and

vii1) filtering the solid and washing with purified water to
get crystalline form-S of compound of Formula-1. 60

14. The process according to claim 13, wherein:

in step (1), the mineral acid 1s selected from hydrochloric
acid, hydrobromic acid, hydroiodic acid or sulfuric acid
and the alcoholic solvent 1s methanol, ethanol, or 1so-
propanol; and 65

in step (111), the organic solvent 1s a ketone solvent.

52

15. The process according to claim 11, wherein the com-
pound of Formula-1 1s in the form of crystalline form-N
compound of Formula-1 and 1s prepared by a process com-
prising:

1) dissolving the compound of Formula-1 1n acetone;

11) heating the reaction mixture to retlux;

111) filtering the reaction mixture;

1v) adding purified water to the filtrate;

v) stirring the reaction mixture; and

v1) filtering the solid and washing with purified water to get
crystalline form-N of compound of Formula-1.

16. The process according to claim 1, wherein the com-
pound of Formula-21 is 1n amorphous form.

17. The process according to claim 1, wherein the com-

pound of Formula-21 1s characterized by 1ts powder X-ray
diffractogram having peaks at about 3.90, 5.86, 7.82, 9.82,

11.79,12.59,13.38,13.74,16.24, 16.95, 17.83, 138.90, 20.09,
21.49,22.89,24.93,26.53,27.56,28.73,29.88 and 34.20+0.2

degrees of two theta.
18. The process according to claim 1, further comprising:

1) dissolving the compound of Formula-1 in a solvent
selected from chloro solvents, ketone solvents, ester sol-
vents, ether solvents, or alcoholic solvents:

11) filtering the reaction mixture;
111) adding filtrate to a non-polar solvent;
1v) stirring the reaction mixture; and

v) filtering the solid and then drying to get amorphous form
of compound of Formula-1.

19. The process according to claim 18, comprising:

1) dissolving the compound of Formula-1 i dichlo-
romethane;

11) filtering the reaction mixture;
111 )adding filtrate to n-pentane;
1v)stirring the reaction mixture; and

v) filtering the solid and then drying to get amorphous form
of compound of Formula-1.

20. The process according to claim 1, further comprising:

1) debenzylating the compound of Formula-21 with Pd/C
under hydrogen pressure i presence ol hydrochloric
acid 1n methanol;

11) filtering the reaction mixture and adding acetone to the
filtrate;

111) cooling the reaction mixture and adjusting the pH of the
reaction mixture;

1v) adding water to the reaction mixture;
v) filtering the precipitated solid;

v1) adding acetone to the solid obtained in step (v) and
heating the reaction mixture;

vi1) {iltering the reaction mixture;

vi1) adding water to the filtrate and stirring the reaction
mixture;

1X) filtering the precipitated solid;
x) optionally, puritying the solid obtained 1n step (1x);
x1) adding dichloromethane to the solid;

x11) slowly adding the mixture obtained in step (x1) to
n-pentane;

x111) stirring the reaction mixture; and

x1v) filtering the solid and then drying to get amorphous
form of compound of Formula-1.

G o e = x
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